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in a changing world 


If ten Dickensian clerks with ten pens worked ten 
hours a day for ten years, how many sums would 
they have done? Fewer, no doubt, than one modern 
electronic computer can do in ten hours. 

In commerce, in industry, in research and in defence, 
the computer is performing prodigious tasks today 
—saving time, saving money, saving valuable 
manpower. 

And Mullard's contribution to this revolutionary 
development? Principally in the shape of memory 
cores and assemblies, transistors, valves and other 
specialized devices, but also to some extent in 
know-how. 

Mullard research and applications laboratories play 
an important part in satisfying the urgent and 
critical needs of the designers of modern electronic 
equipment. Could they also be of service to you? 
If you would like to find out, please write to us at the 
address below. 


Mullard products used in computers 


include: 

FERRITE CORES - MATRIX ASSEMBLIES 
COMPLETE STORAGE SYSTEMS 
HIGH SPEED LOGIC AND CORE 

DRIVING TRANSISTORS 
SEMICONDUCTOR DIODES 
SPECIAL VALVES - THYRATRONS 
COLD CATHODE TRIGGER AND 
COUNTING TUBES 
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ELECTRONICS 
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with progress 


ELECTRONIC VALVES AND TUBES 
MAGNETIC COMPONENTS 


TRANSISTORS AND OTHER SEMICONDUCTOR DEVICES 


Write to the address below, on your Company 
notepaper, for a copy of the illustrated book 
“ Something About Us”. 


* TORRINGTON PLACE - LONDON - W.C.1 
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New landmarks are appearing on Copen- 
hagen’s waterfront. Soon after Christmas 
a valve will be opened in a pipeline from 
the Maersk refinery, which supplies the 
city with most of its gas, and a stream of 
ethylene will begin the intricate journey 
through compressors and reaction vessels 
that will transform it into one of the world’s 
most versatile plastics: polythene. 

The high-pressure process that persuades 
the invisible molecules of an invisible gas 
to choose partners, link up in long chains 
and form a tough, resilient plastic, was 
discovered by I.C.I., Britain’s leading 
chemical company; and today it is used 


The influence of LCL. research and production 
is felt today in every corner of the globe 


Imperial Chemical Industries Ltd., London, S.W.1 


Danish molecules dance an English jig 


to make most of the one million tons of 
polythene produced every year throughout 
the world. In Britain, Australia, Canada 
and India, I.C.I. and its subsidiary com- 
panies operate plants making ‘Alkathene’ 
polythene for everything from squeeze- 
bottles and nailbrushes to packaging film 
and cable insulation. In seven other coun- 
tries, 14 manufacturers are licensed by I.C.I. 
to make polythene, and to build the new 
polythene plant in Copenhagen, I.C.I. has 
joined forces withthe A. P. Moller Shipping 
Companies. Once again, I.C.I.’s mastery of 
mammoth pressures and capricious tem- 
peratures will make the molecules dance. 
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SURFACE ACTIVITY 
AND DETERGENCY 


Edited by K. DURHAM 


The search for new ‘synthetic’ detergents over the past twenty years or so 
has stimulated a great deal of research into the mechanism of detergent 
action. Much of this recent work was summarised in a course of lectures 
given at the Liverpool College of Technology during the winter of 1957- 
58, which many people later suggested should be used as a basis for a book. 
This monograph is the result. 

36 photographs, nearly 100 diagrams and tables. 35s 


INTRODUCTION TO 
PLANT ECOLOGY 


MAURICE ASHBY 


Written mainly for sixth form, scholarship and training college students, 
this book provides an introduction to plant ecology, laying emphasis on 
the biology of individual species. Profusely illustrated with half-tones, line 


drawings and figures. 25s 
STRUCTURAL CONCRETE 
KURT BILLIG 


Following Professor Billig’s previous books, Prestressed Concrete and 
Precast Concrete, this present work aims to provide a Minor Encyclopaedia 
on Structural Concrete within a single volume. The layout of the book 
follows the scheme established by its predecessors, with materials, design, 
and construction dealt with in that order. 

164 figures, 73 photographs, 113 tables. 84s 


A BOOK OF SCIENCE VERSE 
Selected by W. EASTWOOD 


With all the contemporary discussion about the divorce of ‘The Two 
Cultures’, this anthology is especially interesting. In it are collected the 
most notable complete poems, and extracts from longer poems which 
demonstrate that science and poetry are by no means mutually exclusive. 
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More F 0d from the Sea 


More than 75 per cent of the earth’s surface is 
coverec by water but yields only 10 per cent of 
animal rotein supplies and probably not more 

er cent of the total food supply. Experts 

however, the primary production of the 

> equal to that of the land. Fishing takes 

ly in about 10 per cent of the seas and 

| it is restricted to the Continental Shelf 

uland waters yield about 5,000,000 tons 

nually and these are only partially under 

on or management. In Asia and the Far 

ye there are some 40,000,000 hectares 
ould be more extensively cultivated. 


_ EXAMPLES OF RAPID NATIONAL INCREASES 


Advancement of Science November 1961 


World fish production has increased from about 
20,000,000 tons to around 35,000,000 tons an- 
nually over the last ten years. An even more rapid 
increase could be attained if more improved 
fishing gear and mechanisation could be introduced 
in many of the less developed countries. Ceylon 
provides a striking example. There, 60,000 people 
live mainly on fishing, but have only been catching 
some 30,000 tons of fish per year—about 20 Ib. 
per week per fisherman. In 1951 there was not a 
single motor-powered fishing boat in operation, 
except for one steam trawler. F.A.O. sent a master 
fisherman, and, later, a marine engineer, to Ceylon 
to advise on mechanisation. Some 300 boats have 


THE EFFECT OF MECHANIZATION 
AVERAGE CATCHES PER BOAT PER DAY 


Notes amd Comments | 
{ 
ANGOLA 
1953 220.200 
956 20.000 
INDIA 
PERU.) | 
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now been mechanised, and government plans call 
for building 300 more each year—small inshore 
craft, trawlers and tuna boats. 

The difference in the catches of the traditional 
boats and the mechanised boats is striking. At one 
of the F.A.O. centres, the traditional sailing boat 
catches 13-3 lb. of fish per day worth 13 rupees, 
whereas the same boat equipped with an outboard 
motor catches 139 lb. per day worth 144 rupees. 
Fish caught by the mechanised boat fetches higher 
prices because it arrives earlier at the market and 
is fresher. 


F.A.O. 


Sugar Will Kill Eelworms 

Ordinary sugar mixed into soil will kill nema- 
todes, microscopic eelworms which are considered 
to be among the world’s most destructive pests, 
U.S. Department of Agriculture researchers have 
found. The Department says sugar is the first 
known nematode-killing material discovered which 
does not hurt warm-blooded animals and which 
leaves no residue in the soil. Soil treatment by this 
method is still in the experimental stage, the 
Department reports, and is much too expensive 
for ordinary farm use at present. 


Science Horizons 


New Carbon Isotope 


A new carbon isotope of mass 16 has been 
discovered by physicists of the Atomic Weapons 
Research Establishment, Aldermaston, working in 
collaboration with scientists of the Clarendon 
Laboratory, Oxford. 

These scientists bombarded a carbon-14 target 
with a beam of 6 MeV tritons (ions of tritium, or 
super-heavy hydrogen) from the Aldermaston 
Van de Graaff accelerator. In some cases, the force 
of the collision was observed to be sufficiently great 
to split the triton into its constituents of one 
proton and two neutrons and the two neutrons 
were captured by the carbon-14 to form a new 
isotope carbon-16. By making precise measure- 
ments with a large magnetic spectrograph on the 
emitted protons they were able to determine the 
mass of the new isotope to be 16-014702 atomic 
mass units. 

It was anticipated that carbon-16 would beta- 


NOTES AND COMMENTS 


decay like carbon-14 and carbon-15 but with th 
difference that the product of the decay \vouli 
still have sufficient energy to emit a neutron This 
was observed to occur and use was made cF this 


property to measure the half-life. The me: sure. 
ments showed that carbon-16 has a half-! fe of 
only 0-74 seconds which is even shorter tha : that 
of carbon-15. 

Naturally occurring carbon consists of tw > iso- 
topes, i.e. it contains two kinds of atoms cher ically 
indistinguishable but having slightly dif erent 
masses. The most abundant isotope is carb \n-1? 


which has a mass of 12 units but also present 3 1+] | 


per cent of an isotope of mass 13. The nuc eéi of 
both isotopes contain 6 protons and differ by b: :ving 
respectively 6 and 7 neutrons which results in their 
difference in total mass. 

A third isotope of carbon, of mass 14, does 
occur in nature but in a rather unusual way. This 
is created in the atmosphere by the bomba ding 
action of cosmic-ray particles. It is, however, 
radioactive and decays by emitting beta-part icles, 
with a half-life of about 5600 years. This is: :tope 
forms the basis of the carbon-14 method of 
dating archaeological specimens. 

A carbon isotope of mass 15 does not occur in 
nature but it has been artificially produced in the 
laboratory as a result of nuclear reactions. For 
example, carbon-15 can be formed by bombarding 
a target of carbon-14 by fast moving deuterons 
(the nucleus of heavy hydrogen containing one 
neutron and one proton). As a result of a collision 
a deuteron is sometimes split into its constituents 
and a neutron is captured by the carbon-14 to form 
carbon-15. Like carbon-14, carbon-15 is also 
radioactive and it decays with a relatively short 
half-life of 2-25 seconds. 


Atom 


The Royal Society and Scientific Research in 
Schools 


A Committee on Scientific Research in Schools 
was first established by the Council of the Royal 
Society in March 1957 and the following brief 
report will give some indication of its activities up 


to the end of October 1960, a period of some two 


and half years. 
The Committee, under the Chairmanship of 
Sir Lindor Brown, has met either three or four 
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times a year and for the last year has consisted of 
Dr. F. P. Bowden, Sir Edward Salisbury and Dr. 
C. G. W:iliams for the Royal Society and Messrs. 
W. Ashhurst, R. H. Dyball and J. L. Lewis for the 
Science * ‘asters’ Association. Since October 1960, 
however. Dr. F. P. Bowden has taken over the 
Chairme ship and Dame Kathleen Lonsdale has 
member of the Committee. 

An in. easing number of schools have become 
interestc : and have undertaken research and the 
Commit °e is now administering research projects 
in 57 s: 100ls. Several of these schools, indeed, 


have mo than one research project under way and 


a total f£ 68 separate projects are now being 
actively »ursued compared with 57 in 1959. 

Durii : the year ending October 31, 1960, a sum 
of £20(.) has been provided by the Council of 
the Ro: 1 Society, and Shell Research Limited 


} have ge’ crously given an additional £75 for special 


assistan' e at one school. 

All tl. research projects with which the Com- 
dealing are carried out with the special 
advice id assistance of Fellows of the Society and 
by othe:s who have most generously agreed to act 
as advisers. This generous response has been much 


») appreciated by those carrying out the research and 


has bee:: of the utmost assistance to the Committee 
in its work. 

The Committee will assist any schoolmaster or 
schoolmistress who seeks advice and makes known 
their desire to undertake a scientific research 
project; the Committee does not suggest research 
problems but leaves it to the master or mistress 
concerned to make their own proposals. The 
general procedure then is to ask a Fellow of the 
Society who lives in the vicinity, and who is an 
authority on the proposed subject, to meet the 
proposer and discuss the research project and to 
report whether the project is a suitable one and 


| that there is a reasonable certainty that the pro- 


poser will be able to carry it out. Advice will also 
be given concerning apparatus and books required, 
and if the proposer does not possess any of these 
items the Committee is prepared to make a grant 
towards their purchase. 

The person undertaking the research is asked 
to keep in touch with his adviser and to report to 
the Committee once a year giving news of the 
progress of the research. Furthermore the Com- 
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the school laboratories or in the vicinity of the 
school itself, thus ensuring that some of the senior 
pupils may share in its interest and be inspired by 
its possibilities. 

The quality of the research has in general reached 
a high standard and it appears likely that in the 
near future a number of scientific papers will be 
prepared by those schoolmasters whose projects 
have reached a state where publication is possible 
and desirable. These papers will be prepared in 
consultation with the advisers and will be published 
by the appropriate scientific societies. 

The following two schoolmasters have already 
published papers: 

W. H. Dowdeswell (Winchester College) on 
‘Further studies on micro evolution in the 
butterfly Maniola jurtina in the Isles of Scilly’, 
Heredity, May 1960. 

A. G. Long (Berwickshire High School), ‘On 
the structure of Calymmatotheca kidstoni Calder 
(emended) and Genomosperma latens gen. et sp. 
nov. from the Calciferous Sandstone Series of 
Berwickshire’, Transactions of the Royal Society 
of Edinburgh, May 1960. 

Schools at which research projects are being 
carried out include the following: 


Studies on life-cycles, 
growth and fecundity 
in population of land 
isopods. 

Soil aeration in relation 
to other factors. 

Research in histology. 


The Academy, 
Kilmarnock 


Alcester Grammar 
School, Warwickshire 
Aldridge Grammar 
School, Staffs. 
Berwickshire High 
School, Duns. 
Bletchley Grammar 
School, Bucks. 


Research on fossil plants. 


Reactions of amine 
hydrochlorides with 
sodium borohydride. 

Reinvestigation of the 
reactions of some 
dihalodiphenyls with 
metals and metallating 
agents. 

The Zeeman effect. 


Bolton School, Lancs. 


Bradford Grammar 
School, Yorks. 


Brentwood School, Work in the field of 


Essex ferro-magnetism. 
Bromsgrove School, Solution properties of 
Worcs. styrene and cinnamic 
acid. 
Canford School, Nitration and nitrosa- 
Wimborne, Dorset tion by  tetranitro- 
methane. 
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City College of 
Technology, Liverpool 


The College, 
Llandovery 


Collyer’s School, 
Horsham 

Coleshill Grammar 
School, Warwickshire 

Colne Valley High 
School, Nr. Hudders- 
field, Yorks. 


County High School for 
Boys, Ilford, Essex 
County Secondary 
School, Llangefni 
County Secondary 
School, Tregaron, 
Cardiganshire 
Denstone College, 
Uttoxeter, Staffs. 


Derby School 
Dover College, Kent 


Eltham College, London 


The Grammar School 
for Boys, St. Albans, 
Herts. 

The Grammar School, 
Heywood, Lancs. 

Hackney Downs School, 
London 


Handsworth New Road 
Boys’ School, 
Birmingham 


Hanley High School, 
Bucknall, Stoke -on- 
Trent 

Hillfoot Hey High 
School, Woolton, 
Liverpool 

Ifield Grammar School, 
Crawley, Sussex 


Ipswich School, Suffolk 
King’s School, Bruton, 
Somerset 


Selective uptake of bac- 
tericides and bacterio- 
statics by micro-or- 
ganisms. 

Survey of certain in- 
vertebrate groups in 
three local rivers. 

Corrosion of lead. 


Ectoparasites on birds 
and animals. 

Research on the effect of 
growth substances in 
water uptake in plant 
tissues. 

Research on freshwater 
algae. 

Kinetics of the acetolysis 
of some sugar halides. 

Elastic constants of cry- 
stalline materials. 


The age of fossils and 
rocks by analysis of 
their pollen distribu- 
tion. 

Ionic equilibria. 

A quantitative petrol- 
ogical analysis of the 
Blackheath Pebble 
beds. 

Maturation of gonads in 
the cockroach Blab- 
berus discoides. 

Ecology of Phytoplank- 
ton. 

Metal corrosion. 
Preparation of fluoro- 
naphthyl hydrazines. 
Feeding mechanism of 
Marine isopod Sphae- 

roma. 

The laboratory culture 
of liquicolous fungi 
and the leucoanthocy- 
anin micro-organisms. 

Effect of certain chemi- 
cals on the germina- 
tion of seeds. 

The orientation of indan- 
thren Brilliant Scarlet 
R.K. 

Taxonomic research on 
insects (genus Cario- 
thorax, Coleoptera). 

‘Whistler’ atmospherics. 

Study of O and P- 
Hydroxy carbonial 
compounds. 

Study of the pineal body 
of the Lamprey. 
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Lady Lumley’s 
Grammar School, 
Pickering, Yorks. 

Malvern College, 
Worcestershire 


Marlborough College, 
Wilts. 


Merchant Taylors’ 
School, Northwood, 
Middlesex 


Mount St. Mary’s 
College, Sheffield 

Oldbury Grammar 
School, Langley, 
Birmingham 

Portsoy School, 
Banffshire 


Poundswick Grammar 
School, Manchester 


Radley College, 
Abingdon, Berks. 


Repton School, Derby 


Rutherford Grammar 
School for Boys, 
Northumberland 

St. John’s School, 
Leatherhead 

St. Modan’s High 
School, Stirling 

Southgate County 
Grammar School, 
London 

Stanborough School, 
Watford 

Stretford Grammar 
School 
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The heterocyclic com. 
pounds of sulphur, 


Research into the teach. 
ing of nuclear p 1ysiq, 

Study of minerals in ty 
Pre-Cambrian rocks 
Malvern. 

Kinetics and mec! anisn 
of some enzym: cat:. 
lysed hydrolyss r. 
actions. 

Magnetic properties 
paramagnetic ateri- 
als. 

Redox titration 
ganic compoun 
Research on the n-rvou 
system of anne! ds. 
Action of acids on -netals 
and the quant tative: 
determination o! met: 

ions in solution 

Diazotisation prob iems. 


Selective breedinz of 
Drosophila niclano- 
gaster. 

Research on methods of 
utilising solar 
tion. 

Diatom-analysis of the 
sediments of a tarn of 
the Lake Distric‘. 

Chemistry of chiorine 
dioxide with referenc: 
to its action on organic 
chemicals. 

Time and space disiribu- 
tion of aquatic faum 
of the Old Trent. 

Preparation of a long- 
pollen diagram 
post-glacial lacustrine 
deposits near Swarke- 
stone, Derbyshire. 

Fossil deposits. 


Research on radio-active 
isotopes. 

Synthesis of the dibenzo- 
fluoranthene serics. 
Seasonal variation in re- 

productive system 0! 
reptiles. 
Research on Vitamin 
B,. in foods and diet. 
Reactions of diazome- 
thane with aromatic 
hydroxy aldehydes. 
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Tividale School, Tipton, 


als in th 
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Metabolic products of 


Staffs. nitrogen-fixing soil 
organisms. 
» Tonbridge School, Kent Expansibility of plastics. 
Uppingh:m School, Solubility of common 
Rutland gases in pure hydro- 
carbons. 
Warwick School, Internal parasites of cad- 
Warwi-k dis Larvae. 
Wellingt: 1 College, Inhibition of hydro- 
Berks carbon oxidation by 
Z amines. 
Westminster School, Radio Astronomy. 
Londc 
Whitgift school, South Organo-metallic perox- 
Croycon ides. 
) Winche: er College, Investigation by physical 
Hants methods of ions and 
3 anions in aqueous solu- 
tions. 
} Investigation of the moss 
Amblystegium serpens. 
) Wycliffe College, Mode of action of soil 
Stone!i:ouse insecticides on wire- 
worms. 
Ysgol y :’reseli, Thermodynamics of non- 
+ Pembrokeshire electrolytic solutions. 
The Committee on Scientific Research has been 
+ much stimulated by this continued and growing 
} response to the scheme and looks forward both to 
receiving further requests from schoolmasters and 
' schoolmistresses, and to the continued support of 
| the Fellows of the Royal Society and others in 


| acting as advisers and assistants in the extension 
of its activities. 


Mediterranean Project 


From the dawn of human history, until the 
industrial revolution began in England some 150 
years ago, the Mediterranean basin was the 
undisputed centre of Western civilisation. Yet 
today, with populations rising and the productivity 
of the land declining, the countries in this area are 
blighted with want. About 170 million Mediter- 
ranean people—a population comparable to that 
of the United States—must share a total gross 
output about a tenth of the value of that of the 
United States. 


Decline of Natural Resources 


Mismanagement of the soil has been a feature of 
the region for centuries, largely resulting from 
efforts to increase production to meet rising 
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demand. Such a robber economy that destroys 
forests and wastes soil, has held sway in almost 
every part of the world. But, unfortunately, the 
environment of the Mediterranean is less tolerant 
of abuse than temperate areas. Forests and good 
grazing lands on mountains and hills have shrunk 
to one-fourth of what they were in ancient times 
and the remaining acreage is either covered with 
degraded vegetation, or consists of bare rocks, 
denuded hillsides and deep gulleys. The poor and 
underfed livestock produce only a fraction of the 
milk and meat that they should. 

When F.A.O. first considered the possibilities 
of launching a Mediterranean Development Pro- 
ject, the most obvious prescription for the problem 
appeared to be ‘Turn the clock back and restore 
the past’ or, alternatively, ‘Import the industrial 
revolution and move into the twentieth century’. 

The first idea required a vast reforestation 
programme but, unfortunately, the extent of the 
destruction of the soil has made it impossible to 
restore the ancient forests within, say, a decade or 
so. 

The second notion of ‘overnight industrialisa- 
tion’ has been tried during the last 15 years, with 
the help of substantial foreign aid, in almost all 
Mediterranean countries. Between 1945 and 1953, 
the national income in most of these countries rose 
significantly. Since then, however, progress has 
slowed down, come to a standstill in certain cases, 
and the beginning of a self-sustained growth has 
not occurred. 


Balanced Use of Land 


F.A.O. advocates a third solution—the simul- 
taneous development of agriculture and forestry 
tied into an integrated plan for general economic 
development. To do this, it is essential to relieve 
the pressure of over-grazing and to restore the 
forest cover and other vegetation wherever this is 
possible and appropriate. To this end it will be 
necessary to remove shepherds and their flocks 
from forest and eroded range lands to reduce the 
area cultivated and, perhaps, even the size of 
herds. 

The key to all this is water. The long dry season, 
the excessive concentration of torrential rainfall in 
winter and the salinity of poorly drained soils have 
been throughout history, and remain to this day, 
the main physical factor limiting Mediterranean 


= 
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agriculture production. Investigations already 
made by F.A.O. show that it should be possible to 
increase the irrigated area by 25 million acres 
between now and 1980, bringing the total to 45 
million acres or 70 per cent of its potential. The 
total cost of the irrigation programmes recom- 
mended by the Mediterannean Development 
Project would amount to 7 -3 billion dollars. 


Increasing Productive Capacity 

Irrigation would make it possible to grow more 
than one crop per year on the same land. So called 
‘double cropping’, with vegetables and fodder 
grain in rotation with crops such as cereals and 
cotton, becomes feasible. But the principal cash 
crop on the newly irrigated land will be fruit and 
high quality vegetables. It is expected that the 
production of citrus fruits, for example, will rise 
from the present one million metric tons to some 
3-2 million tons by 1980. 

New practices and techniques will also bring 
considerable changes to the two million acres that 
are now cultivated under dry farming. This 
objective calls for nothing less than a complete 
modernisation of Mediterranean agriculture, speci- 
fically in the massive use of fertiliser and mechanisa- 
tion and in the introduction of better seed. 

Seed, fertiliser and farm implements are largely 
imported commodities. F.A.O. plans to help the 
Mediterranean countries establish industries to 
produce these. 

At the very foundation of all these plans for 
agriculture and animal husbandry lies the pro- 
gramme for the restoration of the forests of the 
Mediterranean area. F.A.O. proposes that the 
governments plant some 18 million acres of forest 
during the next 20 years and restore another 25 
million acres of forest, principally in Spain, 


ANCIENT 


The B.A.’s research committee on Ancient 
Fields has now published a booklet on ancient field 
remains which may be obtained from the Secretary 
of the Association at a price of 7s. 6d. plus postage 
9d. The booklet considers the nature of agri- 
cultural earthworks; it would be presumptuous to 
call it a ‘grammar’ but that would describe its 
approach. It considers basic farming practices, 
attempts to analyse the nature of field remains and 
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Turkey, Greece and Algeria. 

The improvements that could be achieved by 
1980 have already been forecast, but at this stage 
it is not possible to foresee the practical r-sults, 
That depends on the governments of the cov atries 


in the region. F.A.O. thinks, however, th :t the 
Mediterranean region could achieve by 1930 a | 
increase of $60 billion per year in the gross ¢ utput | 
of the region as a whole and the doublin -—by 


and large—of per capita income per year. 


Obstacles to Overcome 


There are three main stumbling blocks t such 
development: the unbalanced system of land 
tenure, the excessive fragmentation of farm hold- 
ings, and the primitive structure of rural soc ety. 

The transformation of the family and comn unity 
spirit into co-operative spirit is the most pron ising 
way to modernise these rural societies with ut an 
abrupt departure from old traditions. F A.0. 
contemplates setting up a network of comm unity 
development experiments, linked to the pilot ‘ones 
in which the new technologies and patterns o: land 
use are to be demonstrated. 

The financial problem is also very difficul: and 
substantial foreign aid will be required to ac aieve 
the goal, some of which may come from coniribu- 


tions raised by F.A.O.’s Freedom from Hunger | 


Campaign. It is one of the critical challenges of our 
time, however, to create a partnership between 
rich and poor countries which will enable the latter 
to achieve substantial growth within the political 
framework of democratic development. The blue- 
print for economic action in the Mediterranean 
which F.A.O. has provided shows how this 
partnership can be made effective in one important 
region of the world. 
F.A.0. 


FIELDS 


offers some suggestions on the typology of ‘Celtic’ 
fields, ‘strip lynchets’, and ridge-and-furrow. It 
also discusses methods of work. It has an anno- 
tated, selective bibliography and an appendix 
which lists leading subjects for research. 

There is a real need for a large number of people 
to become seriously interested in these field 
remains and the Committee hope that the booklet 
will provide a useful background for detailed 
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investigations. Some modification of its tentative 
generalisations may, as a result, be found to be 
> necessary, but if due to new fieldwork the booklet 
will have served its purpose. 

Althouch the title of the booklet is ‘Ancient 
’ Fields’ it »:,ay be remarked that some of the remains 
discussed are relatively modern and many earth- 
works ar® briefly considered which are not fields. 
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The reason is that fields are only one aspect, how- 
ever predominant, of farms, and the remains of 
the ‘farms’ have to be searched out from continu- 
ously developing countryside. It is hoped, indeed, 
that the booklet will be of some interest and use to 
all who are concerned with what man has done to 
alter the shape of his environment. 


H. C. BOWEN 


| 


HUNGER—CAN IT BE AVERTED? 


Hunger—Can it be Averted ?, published by the British Association for the Advancement of S< ienc: 


This book presents the views of a small group of distinguished scientists invited by the I 'ritis) 
Association to discuss the part that science can play in relieving the hunger prevalent in sc me oj 
the under-developed countries, and in averting the catastrophic suffering inevitable if worl 
population should outstrip man’s power of producing food. As Sir John Russell, O.B.E., F .R.S, 
says in his preface to the book, ‘their broad conclusion is that hunger need not be feared for < ¢ leas 
the next forty years provided that existing scientific knowledge can be properly applied.’ 

An introductory chapter by Dr. Norman C. Wright, C.B., Deputy Director-General of F A.0, 
on “The current food supply situation and present trends’, is followed by an essay on ‘Popu ation 
prospects and their implications’ by Prof. D. V. Glass, Professor of Sociology in the Univer: ity of 
London. Prof. W. A. Lewis, Principal, University College of the West Indies, then con siden 
‘Economic conditions for greater output’, and Prof. L. Dudley Stamp, C.B.E., Director, ‘ Vorli 
Land-Use Survey, problems of ‘Land use and food production’. The two remaining ch.pten 
are contributed by Lord Fleck, K.B.E., F.R.S., a Past President of the Association, on ‘Induistrid 
and technological needs’, and Prof. H. D. Kay, C.B.E., F.R.S., Emeritus Professor of Bio- 
chemistry in the University of Reading, on ‘What limits food production?’ Prof. P. \. § 
Blackett, F.R.S., Professor of Physics at the Imperial College of Science and Technology, re views 
the problem as a whole in a final chapter entitled ‘Some conclusions’. 

Copies of Hunger—Can it be Averted ?, which has been edited jointly by Dr. N. C. Wright, C.B, 
O.B.E. and Sir E. John Russell, F.R.S., and is fully illustrated, may be obtained from th 
Secretary of the British Association, No. 3, Sanctuary Buildings, Great Smith Street, London, 
S.W.1 (or ordered through any bookseller) at a price of five shillings, post free. 
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Since | attended my first British Association 
| meeting in 1931, twenty-four Presidential Ad- 
) dresses | ave been given to Section E (Geography). 
es range from the vast global sweep of 
\ ‘The Hi. man Habitat’ by Sir Halford Mackinder 
} in 1931 2nd appraisals of the nature and content 
’ of our si: oject (“Geography as Mental Equipment’ 
'—Lord Meston, 1933; ‘Geography as a Social 
| Science’ —Lord Rennell, 1948; ‘The Geographer 

as Huraanist’—Kinvig, 1953) to reviews of 
‘different aspects of physical geography (‘The 
/Upland Plains of Britain’—Wooldridge, 1950; 
‘The Everlasting Hills’—Linton, 1957) or of 
human geography (“The Changing distribution of 
 Population’—Fawcett, 1937; ‘The Atlantic Ends 
of Europe’—Evans, 1958). I cannot discover a 
single one which was frankly economic in its 
approach, though several, such as Stamp’s ‘Plan- 
ning of Land Use’ (1949) and Buchanan’s ‘ Settle- 
ment in Overseas Dominions’ (1952) inevitably 
had an economic slant. And I do not think the 
word ‘technology’ has entered into any of them. 
I make no apology, therefore, for developing what 
seems to be a somewhat neglected facet. 

May I begin by using an old trilogy in a new 
form. For well over half a century W. M. Davis’s 
‘structure, process, stage’ has been the basis of 
much of our work in physical geography, but so 
far as I know no one has attempted to interpret the 
man-made landscape in similar terminology. With- 
out pressing the analogy too far, I suggest something 
like the following train of thought: 

(i) Structure. This, in human geography, is the 
nature of the population, its ethnic characters in 
Particular, and the energy and initiative of its 


* Presidential Address delivered to Section E 
(Geography) on September 1, 1961, at the Norwich 
Meeting of the British Association. 
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members, especially in relation to the climatic 
environment. 

(ii) Process. This is the process of land occupa- 
tion, the methods by which the land has been 
occupied, and its resources developed, during the 
period of human history. This clearly follows a 
broadly evolutionary pattern, in that primitive 
techniques are followed by more advanced and 
complex techniques of utilising the land and its 
resources, so that a sequence of occupational forms 
can usually be traced. The third element, therefore 

(iii) Stage, is the stage which the occupationary 
processes have reached. There are ‘youthful’ 
human landscapes, as in the ‘pioneer fringe’ zones 
of the world, there are ‘mature’ landscapes where 
great changes are still in progress after only a 
century or two of human occupance—as in parts 
of the United States for example—and there are 
‘senile’ landscapes, like many of those in Britain 
and Europe and the Far East, which represent 
the results of several thousand years of human 
occupation. 

Just as in Davis’s erosion cycle, so it is seldom 
that the evolution of the human landscape proceeds 
smoothly for very long. Interruptions and distor- 
tions are frequently discernible. The ‘rejuvena- 
tions’ of the geomorphologist are represented in 
the human cycle by an influx of new people (like 
the Romans in Britain or the whites in East Africa), 
by the development of new cultures, and above all 
by the changing techniques of human occupance, 
now slow and gradual, now revolutionary in 
character. And just as a rise in the base-level of 
erosion brings the evolutionary process to a halt 
and in a sense reverses it, with deposition taking 
the place of erosion, so occasionally the evolution- 
ary lines of human progress will come to a dead- 
end, as the development of North Africa did after 
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the fall of the Roman Empire, for example. The 
result, as with the physical landscape, is the 
production of a polycyclic human landscape, often 
of great age and immense complexity, which 
invites all the resources of the geographer for its 
analysis and explanation. 

It would clearly be possible to elaborate this 
theme so as to occupy the whole of this address. 
But I wish to take up one part of it only—the 
‘changing techniques’ to which I have just 
referred. All human activity takes place in an 
environment which has three major aspects, 
physical, technical and economic. Each of these is 
subject to change—though the first is the most 
stable—and each will vary in its importance 
according to the nature of the activity. 

The physical environment comprises the under- 
lying geology and the soil cover, the surface 
configuration of the land, and the climate. In the 
case of agriculture, all these will be of importance. 
For extractive industry the geology will be vital; 
for modern light manufacturing industry the whole 
of the physical environment may have but little 
significance. 

The physical environment itself is virtually 
immutable by man, though for hundreds of years 
the Dutch have been reclaiming land from the sea, 
and even a century ago it was possible to sever the 
land connection between Asia and Africa by the 
cutting of the Suez Canal; whilst with modern 
engineering techniques it is possible, if not to 
remove mountains, at any rate to divert water 
through their watersheds and to carve up the land 
surface with very striking effect. 

The economic environment is of immense 
importance in almost all human activity; very few 
parts of the world are completely without money 
or other tokens of exchange. They say in the north 
of England that ‘no one does owt for nowt’; even 
leisure has to be paid for, and all productive 
activity must be related to costs of production 
(including interest on borrowed capital, costs of 
raw materials, fuel and power, transport, labour), 
selling prices, tariffs and taxes. Here clearly is an 
ever-changing environment, and one capable of 
much manipulation by man. 

Another aspect of the economic environment is 
concerned with the social habits and customs of 
the people, which influence the kind of consumer 
goods which they need or the type of agriculture 
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which they practise. I need do no more tha 
instance the very remarkable change in the spend.) 
ing habits of the British working classes dur ng th 
last few decades. The formerly ‘middle -clas: 
habit of spending money in improving tk 
amenities of the home, running a car, etc. hay 
spread down the social scale with results ti at ax 
obvious to all in the vast growth of the mo or cx 
industry and of the manufacture of w ishin 
machines, television sets and other meins of 
‘keeping up with the Joneses’. 

The technical environment comprise. th: 
technical aids which are available to ass: st th 
‘process’ of land occupation and resource de velop- 
ment. Here is an environment of great come exity, 
from the primitive digging-stick and water. whe 
to the blast-furnace, the chemical insecticic e ani 
atomic energy; an environment which varie 
immensely from time to time and from p) ice 
place. 

The interest which the technical enviro iment 
has for the geographer is largely concernec. with 
the changes in geographical values whica ar 
brought about by inventions and innovatioas, o 
to put it more simply, by changes and improve. 
ments in ways of doing things. Within the tot 
geographical environment all the many com 
ponents have their respective values in relation ti 
any particular activity at any given time. Alter on 
of the components and the relative values of th, 
others will change. 

I propose first to examine the mineral industries} 
in the light of this conception of the threc-fo 
environment. 

The physical environment is here of angaees 
importance, since mines and quarries can only bh} 
opened where the long and complex geologic 
evolution of the country has resulted in the presence 
of mineral wealth. The location of our miner 
deposits is unalterable, and in this sense th 
physical environment is completely stable. Bu 
there are two factors which affect this stability 
First, that our knowledge of the mineral resource 
of this country, though it has been accumulatin: 
over a long period of time, is still not necessarill 
complete. Most of our metaliic ores were known tt 
the Romans—particularly lead, copper and tin, an 
some of the iron ores—but it was still possible 
in the mid-nineteenth century, to discover, 
rediscover, the Jurassic ironstones, and in tht 
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twentieth century we have witnessed the search for 
oil, successful in Nottinghamshire, unsuccessful 
inmost ‘her localities, and the incidental discovery 
innorth ‘orkshire of potash. Secondly, all minerals 
are won by what is commonly termed a ‘robber 
econom: ; they are wasting assets, and once the 
deposits :ave been worked out there is no means of 
encoura: ‘ng any more to grow in their place. It 
must ¢ -ntually happen, then, not only that 
individ: || mines and quarries come to an end 
througt -he exhaustion of their deposits, but also 
that wh: e mineral fields must ultimately be worked 
out. TI 1s coal mining in the Black Country is 


’ yirtuall: extinct, and the Forest of Dean field has 


but a fe » years’ lease of life: the great Cleveland 
iron or: field, which gave rise to Middlesbrough 
and w:. once our most important source of 
jronsto: <, is now but a shadow of its former self 
and is . ithin measurable distance of exhaustion. 

Apar from actual location, three other aspects 


| of the »hysical environment have an important 
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bearing on the working of minerals. In the first 
place tl cre is the geological mode of occurrence of 
the ore. or rocks, i.e. their stratification, if any, 
their thickness, the depth at which they occur and 
the tectonic disturbances—folds and faults— 
which may have influenced their dip or their under- 
ground behaviour. These features are clearly 


Secondly there is the quality of the minerals ; for 
example the metal content of ores, and their 
chemical composition (which may control the 
method of their utilisation), and the chemical 
nature, texture and other physical properties— 


_ such as hardness, porosity, crushing strength, 
| tefractoriness, etc.—of rocks. This quality factor 
| is intimately bound up with the technological 


factors to which I shall refer in a moment. In many 
cases it is the most important of all in deciding just 


, exactly where minerals shall be worked, and a few 


examples may be cited. 

The metal content of the Jurassic ironstones 
fluctuates between about 23 and 33 per cent; when 
the figure drops below 23 the ore is generally 
considered to be not worth working—though the 
actual lower limit of workability depends also on 
the relative proportions of lime and silica in the 


_ ore.’ Although the geological outcrop of the Marl- 
, Stone formation, then, or of the Northampton 
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Sands, is virtually continuous for perhaps tens or 
scores of miles through the East Midlands, the 
actual workable orefields are much more restricted. 
This is a relatively familiar example. It is less 
commonly realised that the economically workable 
resources of such minerals as clay, chalk and lime- 
stone, sand and gravel, are also severely limited by 
considerations of quality—though it is true that 
other circumstances, such as transport facilities and 
relation to markets, also enter the picture. To the 
uninitiated it may well seem ironical that with 
hundreds of square miles of country shown on the 
geological map as ‘Chalk’ or as ‘Carboniferous 
Limestone’, the industrialists should so frequently 
appear to have deliberately selected the most 
conspicuous sites, or the areas of finest scenery, for 
their operations. But chalk and limestone have a 
varying content of carbonate of lime, and this 
affects lime-burning and whiting manufacture, and 
also the cement industry. In some limestones, too, 
magnesia is an important constituent, and this is of 
significance in the use of the stone for flux and for 
refractory purposes. Even gravel is of many 
different qualities and a very large proportion of 
what the geologist maps as ‘sand and gravel’ is in 
fact quite worthless from a commercial viewpoint; 
much of the glacial and ‘plateau’ gravel is too 
irregular and dirty to yield the high quality aggre- 
gates which the civil and structural engineers now 
require, and a premium is placed on the low-lying 
river terrace gravels.” 

A third aspect, of particular importance in the 
case of quarried minerals, is the surface configura- 
tion of the land beneath which they lie. This is the 
least immutable of the physical factors, for clearly 
every quarry alters it. But the original surface 
exercises a considerable influence on the form of 
the quarrying operations and on the relation which 
the quarry will bear to the landscape. Thus 
quarries in a flat surface will excavate downwards 
and form a hole, whilst quarries excavated into 
hillsides may advance horizontally; naturally the 
latter will be much more conspicuous than the 
former. 

The technical environment has two aspects: 
first, the techniques of production which are 
available to the mineral industry, and secondly the 
techniques which are available for the utilisation of 
the mineral products. Here is clearly a constantly 
changing field, intimately related, too, to the 
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economic environment, since advancing technology 
so often means either the cheapening of production 
or increased output or both. Increasing mechanisa- 
tion has been the dominant note in the production 
of both mined and quarried minerals during the 
last few decades, but particularly since World 
War II. In coal mining the advances in mechanical 
cutting and loading and in underground haulage 
have been considerable, and the new and re- 
constructed pits working on the horizon-mining 
principle are producing entirely new features of 
the industrial landscape, with their concrete- 
encased pit-head gear and general absence of 
spoil-heaps. In the quarrying industries the advent, 
largely within the last thirty or forty years, of 
mechanical excavation in its various forms—face- 
shovel, dragline, bucket-dredger, suction dredger 
—to say nothing of the now ubiquitous bulldozer 
and scraper for ‘muck-shifting’, has revolutionised 
production. 

Between the two wars, the total number of 
quarries in Great Britain remained relatively stable, 
fluctuating round about 6000; during the same 
period however the output of quarried minerals 
increased by 300 per cent, from 35 million tons (in 
1922) to nearly 105 million tons (in 1937). Since 
the last war the figures have been even more 
spectacular; output of quarried minerals has risen 
to over 180 million tons, whilst the number of 
quarries has declined to about 4650. The accom- 
panying Table shows that the most remarkable 
increases over four decades have been in gravel, 
limestone, chalk and clay, with gravel and sand 
output having actually multiplied more than 30 
times. The reason is not far to seek. We are now 
living in an age of concrete, the raw materials for 
which are cement (made from chalk or limestone, 
usually with clay added) and an aggregate com- 
posed of sand and gravel. Thus it is in large 
measure a technical change in the use of the 
minerals which is responsible for generating the 
demand; the engineers have responded to the 
challenge by making the increased output possible 
with mechanical aids—in other words, by ‘bigger 
and better holes in the ground’. 

Two examples will suffice to show what has been 
happening. Before World War I the Jurassic iron- 
stone fields of the East Midlands were character- 
ised by shallow quarries in which an overburden 
of not more than 15 ft. or so, and frequently less, 
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OUTPUT OF MINERALS IN GREAT BRITAIN 
(in million tons) 


Mineral 1922 1937 1959 
Ironstone 4-5 10-9 14-9 | 
Igneous rocks 6-0 10-5 14-3 
Limestone 9-4 19-0 35-8 
Chalk 3-0 10-2 14-9 
Clay and shale 6-4 25-6 27:8 
Sand and gravel 2-0 20-4 63-7 


* The 1960 figure was 76-2. 


was removed by hand to uncover the iro1 ston 
seam, which was also dug and loaded by mei with 
picks, forks and shovels. The soil was car -fully 
stripped, and replaced on the worked-out g ound 
so that agricultural restoration was complet >. As 
the workings advanced into deeper overbur: en— 
say 20 to 30 ft.—mechanical face-shovels wer 
employed to remove the overburden, but in nany 
cases the surface soil was still stripped by han | and 
wheeled across the quarry on planks restii g on 
tall trestles, to be replaced on the levelled over- 
burden heaps behind the advancing face. ‘here 
came a depth beyond which it was impracticable to 
“walk the plank’ with barrows of soil, an: the 
increasing expense of hand labour, with the 
economies to be reaped from mechanisation, put 
an end to this practice and also, in general, to the 
retention of the top-soil and to the levelling out of 
the overburden heaps which grew in parallel ridges 
(‘hill-and-dale’) behind a fixed-boom face-shovel. 
So with overburdens increasing to 50 ft. or more, | 
the problem of land devastation was created which 
prompted the appointment of the Kennet Com- 
mittee in 1938.5 This Committee, faced with 
nearly 3000 acres of derelict land in Northampton- 
shire and adjoining counties, was unable to suggest | 
very much other than afforestation as a means of | 
restoring the ironstone land to some economic use. 
But something like a technical revolution occurred 
during the war in respect of the machines available 
for ‘muck-shifting’ and for excavation and level- | 
ling, and after the war the problem appeared a much 
more tractable one, for the machines which wert | 
capable of far greater devastation of the land than 
ever before were also capable of helping to repair 
the damage. The tractor-drawn scraper made 
separate soil stripping a practical proposition ; the | 
bulldozer greatly assisted in the task of levelling | 
the heaps of overburden, and the introduction of | 
the walking dragline made possible, in certail | 
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195) 
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dale’ an! the immediate creation of level over- 


top-soil -ould be replaced.* Considerable advances 


were als: made in the techniques of afforestation, 
) and alsc in the difficult task of re-creating an 


agricult: «ally usable soil from the levelled over- 
burden hen the original soil had been irretriev- 


los’. So, although overburden thicknesses of 
+ up to 80 or 100 ft. are now removed in some of the 


quarries, the technical aids now available are such 
that the oroblem has been effectively solved—and 


) of cour > the financial aspect of it has been con- 
trolled legislation, in the Mineral Workings Act 
of 1951 


A sec ond example of technical changes is pro- 
vided b. the gravel industry. Before World War I 
the ave: ige gravel pit was almost a one-man affair, 
and op rations were severely restricted to those 
deposits which lay above the level of the sub- 
surface water table. The introduction of the face- 


| shovel and the dragline, as in the case of ironstone 


and otier quarries, has enabled much greater 
thicknesses to be worked and much greater outputs 
to be obtained, whilst the use of draglines, bucket- 


dredgers and suction-dredgers has rendered 
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possible the large-scale excavation of low-lying 
terrace gravels from beneath the water level—with 
of course the resultant formation of lagoons which 
provide one of the most serious problems in the 
whole field of conflict between mineral working 
and other forms of land use. As in the case of iron- 
stone, the bulldozers, scrapers and draglines can 
be used to reinstate level surfaces, but the filling of 
the holes, and particularly of the lagoons, is 
dependent on the availability of suitable materials. 
This is in large measure simply a question of 
economics—are the holes near enough to the 
source of rubbish or other material which has to be 
disposed of, to make it worth the disposer’s while 
to use them rather than other possible dumping 
grounds ? But again technical factors are involved, 
for it is still considered inadvisable to dump crude 
domestic refuse, which is in abundant supply 
around every urban area and creates many prob- 
lems of disposal, into the lagoons, for fear of 
polluting both the water and the atmosphere. 
Nevertheless, experimentation has shown that even 
this is now possible, and further advances in the 
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techniques employed for aerating the water and so 
preventing pollution may solve two problems at 
once, the Local Authorities’ problem of refuse 
disposal and the gravel operators’ problem of re- 
creating a usable land surface. 

Thus, in terms of my original classification of 
environmental factors, the ironstone and gravel 
industries have shown a marked change in the 
process of land occupation, due to advancing 
techniques; and these techniques, by rendering 
accessible minerals which half a century ago would 
have been inaccessible, have altered the relative 
value of the land for other purposes such as 
agriculture and building, and incidentally, have 
materially altered what I might term the ‘cultural 
landscape’ of mineral working. 

Turning to the field of mineral utilisation, 
technical advances may have considerable influence 
on the relative importance of different minerals or 
of different varieties of the same mineral. Out- 
standing examples of this are to be found in the 
iron and steel industry. In the early eighteenth 
century the Wealden ironstones of Kent and 
Sussex, and the haematites of the Forest of Dean, 
were our main sources of iron ore, since here alone 
were timber resources adequate to feed the charcoal 
furnaces. The introduction of smelting by coal and 
coke in the second half of the century caused the 
concentration of iron smelting on those coalfields 
where coals suitable for coking by the ‘hearth’ 
method, and also ironstones, occurred in the same 
series of Coal Measures—as in Shropshire, north 
and south Staffordshire, Derbyshire and south 
Yorkshire, and north-eastern South Wales, for 
example.* The development of the technique of 
hot-blast smelting in 1829 enabled the blackband 
ores of Lanarkshire to be more effectively utilised 
with raw ‘splint’ coal as a fuel, and thus gave a 
fillip to the industry in that area, and later to the 
eastern part of the north Staffordshire coalfield 
where similar blackband ores were smelted with 
locally produced coke. 

The introduction of the beehive coking process, 
using strongly-swelling or ‘caking’ coals of higher 
rank than the ‘clod’ types used for the hearth 
process, upset the balance somewhat, for some of 
the early centres of iron smelting, like the Black 
Country, had no caking coals available; other areas, 
like north Derbyshire and south Yorkshire, had 
both types, but the greatest beehive coke area of 
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all—south-west Durham—had virtually no iron 
ores, and its full development had to await the 
‘discovery’ of the Jurassic ores. 

The use of the Jurassic ironstones after 1850 
introduced a whole set of new geographical values. 
These ores were slightly leaner than the Coal 
Measures ironstones, but they were much more 
readily accessible; and moreover technological 
advances in blast furnace construction and opera- 
tion had so reduced fuel consumption that it was 
just as economic to send coke to the orefields—as 
at Middlesbrough, Scunthorpe and Welling- 
borough, for example—as to send Jurassic ores to 
the older coalfield smelting centres. 

The next technical revolution came in the third 
quarter of the nineteenth century, with the intro- 
duction of the Bessemer converter and the Siemens 
open-hearth furnace. Several aspects of these 
processes had important geographical conse- 
quences. In the first place neither of them could 
use anything but non-phosphoric iron made from 
haematite ores, for with the silica furnace linings 
which they used there was no possibility of 
eliminating phosphorus during the conversion 
from iron into steel. Two results accrued. The 
first was the considerable stimulation of haematite 
mining in the Cumberland and Furness districts 
which possessed the only considerable deposits of 
this type of ore in the country; and accompanying 
this was the expansion of the smelting industry on 
these orefields and at the adjacent coastal ports 
such as Workington and Barrow. This was a less 
simple development than might have been ex- 
pected, for the Cumberland coals did not make 
good coke and Durham coke had to be sent by 
rail across the Pennines by the 1400 ft. Stainmore 
Pass railway. The second result was the necessity 
to import foreign non-phosphoric ores—mainly 
from northern Spain and central Sweden—and 
this emphasised the importance of coastal or near- 
coastal sites such as Middlesbrough and the 
South Wales smelting towns such as Merthyr 
Tydfil and Ebbw Vale. 

Another consequence of the introduction of the 
two steel processes arose from differences between 
them, especially the adaptability of the open hearth 
furnace for the use of scrap metal. Whereas the 
Bessemer converter worked best with new hot 
metal, the Siemens furnace could use an appreci- 
able proportion of scrap, so much so that the 
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availability of scrap as a raw material became a ney 
localising factor in the steel industry, no* on 
attracting the industry to areas where engin zerin 
and shipbuilding provided much scrap met il, by 
also enabling the industry to set itself up 0 1 site 
and in locations away from blast furnaces—a_ it di 
in Lanarkshire, for example, and in western Sout) 
Wales (where, in the Swansea-Llanelly dist ‘ict, i 
was associated with the tinplate industry hic) 
provided both a market for sheet steel an to; 
certain extent a source of scrap). 

A further technical development in 187‘ —th 
introduction of the Thomas-Gilchrist basic 
process’—opened up a further series of pos .ibili- 
ties for the iron and steel industry, mak ng i 
possible not only to use the Jurassic ironstor :s for 
steel-making but also to import richer fi reign 
phosphoric ores. In actual fact the moment im oj 
acid steel production was such that the basic 
process did not immediately revolutionis. the 
industry as it did in Lorraine or in the Ruhr, indit 
was not until the First World War that the o atpu 
of basic steel exceeded that of acid steel. Sincc then 
however the basic open-hearth process has a most 
completely dominated the industry, and this has 
given a stimulus, first to the orefields, as at ‘:cun- 
thorpe and Corby, and secondly to coastal locations 
such as Middlesbrough, Cardiff and Port ‘Talbot 
where the foreign ores arrive. 

The Bessemer process, however, survives ii: two 
forms. First, the only remaining ‘acid Bessemer’ 
plant in the country is at Workington, still in par 
dependent on the Cumberland haematites but 
largely on imported ores. Secondly, the ‘basic 
Bessemer’ process, after dying out completely in 
the 1920s, has been revived at several places, such 
as Corby and Ebbw Vale, where the siliceous and 
phosphoric Northamptonshire ores are employed 
in the blast furnaces and the steel is treated in 
‘hot-strip mills’ for the production of narrow strip 
for steel tubes or wider strip for tinplate manv- 
facture. The cheapness of the Bessemer process 
(which uses no extra fuel) for the production of the 
less highly specialised grades of mild steel is 2 
great attraction in localities which are either far 
from coal (like Corby) or far from ore and in 
relatively inferior geographical situations (like 
Ebbw Vale), whilst the high phosphorus content of 
the Northamptonshire ore renders it the most 
suitable of all the Jurassic ores for this process. 
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Incide atally, the effect of the mass-production of 
sheet steel and tinplate at Ebbw Vale, and more 
recently at Margam as well (with its associated 
cold-rol! ng and tinning plants at Velindre and 
Trostre’. has been virtually to extinguish the older 
tinplate vorks in South Wales, with some of the 
associat. 1 steel works. Truly, technical advance 
benefits ome but not others. Fortunately, however, 
there hz ‘¢ been no Luddite riots in South Wales 
as thers were when mechanisation replaced hand 
working in the Lancashire cotton industry a 
century .nd a half ago! 

A las technical feature of the iron and steel 
industr’ in the twentieth century is the develop- 
ment o: the by-product coke oven, and with it the 
possibi: ty of vertical integration, with all the heat 
and en rgy economies resulting therefrom. Not 
the by-products valuable in themselves, 


' but the waste gases from the coke ovens, often 
| combir -d with the waste gases from the blast 
+ furnace, can be used for heating the air blast, for 
| firing te open-hearth furnaces, and for generating 
| electric current to drive all the machinery—the 
' blowiny: engines, the charging mechanism and the 


rolling mills. The vast size of such integrated 
works, however, and their rail transport require- 


/ ments (which may easily reach 100,000 tons a 


week), create siting problems of considerable 
magnitude, and the number of possible future 
locations for such plants, now that Ravenscraig, 
near Motherwell, is nearing completion and the 
new ‘Spencer’ works at Newport is well on the 
way, must be very small indeed. 

So much for iron and steel. I have said nothing 
new. I have simply tried to emphasise that 
explanations of the industry which fail to take full 
cognisance of the nature of the technical processes 
do less than justice to the subject. And I hope I 
have shown how the relative value of different ore 
and coal deposits, and of different types of site and 
location in relation to raw materials, fuel, ports and 
markets have changed markedly and often, in 
response to the technical changes within the 
industry. 

I turn now to a brief examination of the economic 
environment. This, I suggest, includes three aspects. 
In the first place there is the general national and 
international economic situation, with its trade 
cycles, its booms and depressions, and the upsets 
due to wars. Different sections of the mineral 
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industries are affected in different ways by these 
trade fluctuations, and it may perhaps suffice to 
recall the fairly rapid extinction of the greater part 
of our lead-mining industry which accompanied 
the great increase in the imports of cheaper 
Spanish ores after about 1870; the grievous re- 
percussions on our coal-mining industry, especially 
in South Wales and in Durham, of the increasing 
use of oil in the world’s shipping, and of the 
competition, in the 1920s, of Polish coal; and 
the stimulation of open-cast ironstone mining 
in the Jurassic fields during the last war, when 
our foreign supplies were almost completely 
cut off. 

Secondly, there is the relation between the 
mineral-producing industries and the industries 
which convert the minerals into finished goods of 
one sort or another. This is essentially a price 
relationship. The mines and quarries must sell 
their coal, ores or rocks at a price which the 
consuming industries can afford to pay, having 
regard to their other raw material, fuel and labour 
costs and to the ultimate price of the final products. 
A delicate balance is thus maintained, and any 
alteration of the relationship may have important 
consequences for the mines and quarries, whose 
costs of production are intimately related to the 
geological circumstances under which they have to 
operate, and to the technical means of production 
at their disposal. A rise in price at the production 
end might result in consuming industries being 
prepared to use lower quality materials in order 
to keep their costs down, or seeking substitute 
materials. The matter is clearly of the greatest 
significance in those areas where possible competing 
materials exist in close proximity—as gravel and 
crushed stone, both sources of concrete aggregate, 
do in parts of the Midlands, for example, or as oil 
(from Llandarcy) and coke do in the steel-making 
district of South Wales. 

A third aspect is that of transport costs which, in 
the case of the mineral industries, loom very large 
because of the great bulk and relatively low value 
of their output. There are several points of interest 
here, including the medium of transport commonly 
employed, the distance which the mineral can 
travel without becoming too expensive for its 
consumers, and the nature of the market for the 
mineral. It will be most convenient to study these 
by actual examples. 
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Taking first the case of gravel, the salient points 
are as follows: 


(i) that the pit-head price is very low, averaging 
perhaps 12s. per cubic yard; 

(ii) that the market is mainly in building, road- 
making and civil engineering jobs of many 
different kinds, which are constantly 
changing in detailed location and which 
demand numerous grades of sand and 
gravel for different purposes ; 

that the life of a gravel pit is relatively short, 
so that it is rare to find one which has access 
to a railway line or to a navigable waterway ; 
that in consequence of (ii) and (iii), road 
transport is generally employed, which can 
secure not only ‘pit-to-site’ transport of the 
gravel but also the most rapid turn-round, 
and so the most economical use of vehicles ; 
that, since the cost of road transport is about 
8d. per cubic yard per mile; (though the 
first mile, which includes loading costs, may 
cost 2s.) the price of the gravel has doubled 
after a 16-mile journey, and the economic 
limit has in most cases been reached before 
a distance of 30 miles from the pit has been 
attained—though this distance will clearly 
vary with the quality (and price) of the 
gravel and with the availability, near the 
economic margin, of alternative supplies. 
In this connection it is fortunate indeed 
that there are relatively few areas, at any 
rate in England, which are more than 30 
miles from one source of gravel or another. 


(iii) 


(iv) 


(v 


Occasional examples of longer-than-average 
movements are due to special circumstances. Thus 
the south Lancashire district is notably deficient in 
large supplies of good gravel, and considerable 
movement of high-quality quartzite gravel from 
the Bunter Pebble Beds of north Staffordshire 
takes place, and of river gravels from the Wakefield 
district. Again, gravel moves into Merseyside from 
the Wrexham area of north-east Wales; whilst on 
the eastern side of the country the existence of the 
navigable river Trent, which has a rich gravel field 
along its terraces in Nottinghamshire, makes it 
possible for pits in the Newark district to send to 
the Humberside market. 

As a second example, the Jurassic ironstones 
offer some interesting contrasts with gravel. 
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Worked in many cases under much more difficu} 
geological circumstances and from beneath: thi¢ 
overburden, their selling price is in general lowe 
than that of gravel. Yet, whilst it is true tha: a fai 
proportion of the output is used quite close to it 
source—at Scunthorpe, Corby and Wellingbc roug) 
for example—a substantial tonnage also nove 
away by rail from the orefields of Northan ptop. 
shire and south Lincolnshire into Derby shir, 
Staffordshire and even as far afield as Mi idle. 
brough and South Wales. The reasons woulc seen 
to be: 


(i) that, in contrast to gravel, which is wide. 
spread and of frequent occurrence, iron- 
stone is restricted to a very few locali ‘ies; 

(ii) that the quarries are very large and hav 
standard-gauge railway tracks in then ; 

(iii) that much of the smelting plant is k cated 
on the coalfields, where coal transport costs 
are low, or at ports where foreign iro: ore 
can also be obtained; 

that these destination points are fixe: and 
constant, and in consequence ore can nove 
at regular intervals and in whole train-load 
—facts which will be reflected in the rates 
charged by the railways; 

that the end-product of ironstone is finished 
steel, which is very much more valuable 


(iv) 


(v 


than an equivalent weight of concrete ; the| 


cost of ore transport thus represents but 2 
small fraction of the final cost. 


A third example will serve to conclude this 
rather lengthy treatment of the mineral industries; 
and I use it because it illustrates a number of 
important points besides the merely economic ones. 
It is the brick industry. 

Brick-making clays are found in every geological 
formation from Ordovician to Recent, and are very 
widespread in occurrence. Brickworks are almost 
invariably situated alongside the clay pits which 
supply their raw material, and since their market is 
the urbanised areas of the country it is not sur- 
prising that the map of brickworks, up to the 
Second World War, bore more than a passing 
resemblance to the population map.’ Bricks seldom 
travelled far in the period before the First World 
War, and much of the fascinating variety of 
appearance of our towns and villages is due 
to the different colours and textures of the 
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locally-produced brickwork. London’s yellow 
‘stock’ bricks were made from the brickearth of the 


ashes from which helped the firing (and can still 
often be sen in individual bricks). Shiny ‘Accring- 
characterise the cotton-mill towns of 


Marl dis <icts of the Midlands, and so on. Only 
the famc is ‘Staffordshire blues’—the structural 
engineer 1g material of the pre-concrete age—were 
to be fc ind far from their home in the Black 
Country and north Staffordshire, employed in 


canal aq: 2ducts and railway bridges. 


In the !ate 1930s there were some 1200 brick- 
‘works i: England and Wales, scattered through 


‘fifty cou ties. In many of these the clay was still 


* hand-du_., and sometimes the bricks too were hand- 
made. © echnical advances in mass-production, 
however. both of the raw clay by mechanical 
‘excavati ‘n and of the finished bricks by the ‘semi- 
' dry-press’ process, had succeeded in concentrating 
‘one-thir'! of the brick production into about 30 
‘large works situated on the Oxford Clay formation 
‘ina beli stretching from Peterborough to Oxford- 
‘shire, with concentrations particularly near Peter- 


borough, Bedford and Bletchley. The reasons for 
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‘this remarkable concentration are physical, tech- 
inical and economic. The Oxford Clay is a thick 
‘and relatively homogeneous formation, which 
‘lends itself readily to excavation by large machines 
'—face-shovels and draglines, or bucket-chain 
excavators—in great contrast, for example, to the 
Etruria Marl formation of north Staffordshire, 
which still has to be hand dug because of the 
necessity to select the best seams of clay. More- 
over, the clay contains finely-divided carbonaceous 
matter of vegetable origin, and this burns during 
the firing of the brick, thus helping to reduce the 
fuel consumption in the kilns.* The process em- 
ployed is the semi-dry-press. The clay, which is 
but slightly plastic, is ground to a fine grade, and 
masses of ground clay, just moist but not wet, are 
pressed into brick shape by powerful presses (the 
trade name ‘Phorpres’—four-press—refers to 
this). The possibilities for mass-production (each 


*The fuel consumption in the ‘ Fletton’ brick industry is 
about } cwt. of coal per ton of bricks. The average for the 
test of the ‘Common brick’ industry is about 1? cwt., and 
for the highest quality engineering bricks it may rise to 
4 cwt.® 
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press can produce well over a thousand bricks an 
hour) are thus enormous—which brings us to the 
economic point. The economies of large-scale 
production and very low fuel consumption are 
such that Oxford Clay bricks—known generally as 
‘Flettons’ from the village of that name near 
Peterborough—can stand much higher transport 
costs than most other bricks. Moreover, most of 
the big works are alongside the mainline railways 
that cross the Great Clay Vale on their way from 
London to the Midlands, or on the transverse line 
that runs through the Vale and crosses each of the 
main lines in turn. Between the wars the greater 
part of London’s suburban expansion, especially 
north of the Thames, was effected with these pale 
pink bricks, and a highly-organised rail and road 
distribution system enabled them to penetrate even 
into established brick-making areas as far afield as 
Durham and south Lancashire. 

Since the last war the concentration has become 
even more marked. More than 600 local brickworks 
have been closed (the 1958 Census of Production 
records only 525 brickworks) and over one-half of 
the national brick output is now of ‘Fletton’ type 
(54 per cent in 1958). Thus the combination of 
exceptionally favourable physical circumstances, 
technical progress and a high degree of economic 
organisation have combined to put a very different 
face on Britain’s buildings from that which 
characterised the nineteenth century. One striking 
recent example may be quoted. In 1960 twelve 
blocks of flats, using nearly a million-and-a-half 
‘Phorpres’ bricks from Stewartby, Bedfordshire, 
were built in Salford; within a 20-mile radius of 
Salford there were no fewer than 80 brickworks in 
1939. 

I should like now to consider one or two other 
examples of the geographical consequences of 
changing industrial techniques. 

One of the most potent of all the influences on 
industrialisation has been the location of sources of 
power and heat. Even before the Industrial 
Revolution there was some tendency for the woollen 
industry, for example, to locate itself in sheep- 
rearing areas where water wheels could work 
fulling mills—as in the West of England, on the 
Pennine flanks in Yorkshire and on the fringes of 
the Lake District—and it is noteworthy that the 
early worsted industry, in which the fulling process 
was unnecessary, established itself in East Anglia 
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where water power was almost absent. The first 
part of the Industrial Revolution added much 
emphasis to water power, for the early cotton 
machinery of Arkwright and Crompton, for 
example, was first powered in this way. But the 
development of the steam engine after the 1770s 
placed the emphasis firmly on a supply of coal, both 
for power, as in the case of the textile industries, 
and for heat, as in the iron industry. The largely 
twentieth-century development of the use of 
electricity for heat and for power has contributed 
two noteworthy new features to the industrial map, 
first the location of hydro-electric stations and their 
attendant special industries, in hitherto com- 
pletely un-industrialised areas, and secondly, 
through the development of transmission net- 
works, the outward spread of industrialisation away 
from the coalfield areas in which it was mainly 
concentrated during the nineteenth century. Two 
interesting facets of this are the development of 
aluminium smelting, and the new post-war pattern 
of electrical generation. 

The ore of aluminium is bauxite, and this is 
first purified to alumina, not necessarily either on 
the orefield or at the locality where the smelting is 
to take place. In Great Britain the ports of Burntis- 
land and Newport are the centres, at each of which 
coal is readily available to provide heat for the 
process. But the smelting is done at Fort William 
and Kinlochleven, where there are hydro-electric 
stations. There is a simple reason for this—which 
curiously enough never seems to get into the 
geography textbooks. It is that very high intensity 
but low voltage direct current is required to provide 
the heat for smelting. At Kinlochleven the cells in 
which the alumina is dissolved in molten cryolite 
at about 1000° C. run at 5 volts with current of 
40,000 amperes ; at Lochaber works, Fort William, 
100,000 amperes. About 8 KWh. of energy are 
needed to produce 1 Ib. of aluminium, or 18—20,000 
KWh. per ton. Here lies the problem, for the 
transmission of electricity by cable over long 
distances is commonly accomplished by using very 
high voltage but low intensity alternating current, 
and the technical difficulties involved in trans- 
mitting direct current have not yet been overcome. 
So aluminium smelting is very effectively tied to 
the generating stations, and the current require- 
ments are so large that it is always hydro-electric 
stations that are involved. It is perhaps worthwhile 
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emphasising that it is not power which is require "8" 


but heat. 

The changes which have come over t 1ermj| 
electric generation and transmission since 1 1¢ hay 
war have been effectively analysed by Mr. E. \ 
Rawstron and I need do no more than refer to hi 


work.!° The changes are a response to even! — 


technical and economic stimuli: first, the enc rmoy 
expansion in electricity consumption, be h jp 
dustrially and domestically, second, the eco: omic 
to be reaped from increased size in the gen ratin 
stations, involving the use of powdered co 1! fu 
and enormous quantities of water, third! ’, th 
economies derivable from very high \ oltag 
transmission. Thus, whereas the early patt :rn of 
generating stations followed largely the di: cribv. 
tion of urban population, with many se darat: 
local transmission systems, a second stage in ‘olvei 
the creation of the national electricity grid, and: 
third stage, since the war, has been concerne | with 
the creation of great new power stations | \cated 
perhaps more with regard to water suppli:s and 
ash disposal than to coal supplies or urban po pul 
tions, and the establishment of a 275,000 vol 
‘super-grid’. The two types of station location 
which have been developed are (a) along the river 
Trent, where the supply of cooling waiter i 
abundant enough for cooling towers to be largely 


if not entirely dispensed with, and where in| 


addition the most cheaply mined coal in the 
country is available from the Nottinghamishir 
coalfield; (6) in coastal situations where sea-water 
can be used, with coastwise coal supplies, or oil 
fuel. 

Here it is perhaps appropriate to interject : 
general principle. Do not the examples so far given 
of the consequences of technical advancement 
begin to lead to the conclusion that, rather than 
emancipating man from the influence of th 
geographical environment, the increasing scale and 
complexity of industrial technique offer a pro- 
gressively narrowing range of locational possibil- 
ities ? Domestic wool-working could take plac 
more or less anywhere; water power confined 1 
much more narrowly, whilst steam power narrowe( 
the range still further. Iron smelting with coke had 
a much narrower range than in the days when 
charcoal was used; the invention of acid steel 
processes considerably narrowed the range 0 
possible locations, whilst the modern trend for vast 
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integrate’ works leaves but a mere handful of 
possibilitics open. Aluminium smelting, at any 
tain, has an extremely narrow range of 
and as thermal electric stations 
1 size and complexity so there is a 
number of possible sites available. 

power stations are even more exacting 
requirements, for although they are 


* Py mancipated from control by the location 
ant of their ‘ :el supplies, they have to fill gaps in the 
2: rate existing ittern of thermal generating plants and 
50 tl fall their det ‘led siting is fairly rigidly controlled by 
dl >, th! their wa - supply needs and by the policy of 
a oltag utilising <ural sites far from the major urban 
concent ions." It is not surprising in this densely 
dis criby. | POPUlate island that difficulties are being experi- 
Fenced in inding suitable sites. 
in ‘olveil Furth. : examples of this can be found in the oil 
4, andi industry which has undergone a remarkable 
ei wih transfor: ation during the post-war period. In 
locate i 1938, sc ne 2-4 million tons of crude oil passed 
lic andi through British refineries, and the total was only 
popula fractions ly greater in 1947; by 1959, however, the 
00 vont figure hed risen to 39 million tons. The reasons are 
location °°OBO™ and political as well as technical—such 
he rived the dollar shortage, the troubles in Persia, and 
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ae the fact that it costs less to import crude oil in large 


‘tankers ‘han to import separately the great variety 
| of petroicum products which are now required by 
| different forms of transport and prime movers. 

Two major technical developments have also been 
concerned. The first is the considerable growth of 
| the new petrochemical industries, which produce, 


/ as derivatives from the oil refining processes, the 


basic materials for the manufacture of certain 
types of plastics (such as polythene) and of man- 
made fibres (such as nylon and terylene). Clearly 
such industries are most appropriately associated 
with the refineries, and British industrial progress 
would now be somewhat hampered without them. 
The second is the transformation of the ocean 
tanker from the characteristic 12,000-ton vessel 
of the 1930s, first to the 20-30,000 tonners of 
the late 1940s and more recently, particularly 
since the Suez ‘affair’ of 1956, to the ‘super 
tankers’ of anything from 40,000 to 100,000 tons 
capacity. 

Oil refineries must clearly be coastal in location; 


| they are apt to be unpleasant neighbours and so the 


immediate vicinity of large ports and urban areas 
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must be avoided. Situations on the major estuarine 
shores are thus indicated—e.g. the Thames, 
Southampton Water, the Mersey and the Forth. 
Physical circumstances and the existing pattern of 
land use have so far ruled out the Tyne and the 
Clyde, and distance from the major centres of 
consumption has ruled out the deep-water harbours 
of south-west England. When it comes to selecting 
new sites which can be reached by 100,000-ton 
tankers and at the same time are reasonably 
accessible to the consuming areas, the industry is 
faced with increasing difficulty. The refinery at 
Grangemouth is already supplied by a 57-mile 
pipeline from Finnart on Loch Long, because of 
the shallowness of the Forth estuary; a new pier for 
supertankers has been built on the Mersey so that 
oil can be piped to the Stanlow refinery on the 
Manchester Ship Canal; and now, because of the 
colossal expense of enlarging Queen’s Dock, 
Swansea, to take supertankers, the Llandarcy 
refinery has a pipeline from Milford Haven, where 
the new oil terminal is also to have an ‘Esso’ 
refinery attached. After Milford Haven—where 
next? Another Fawley on the eastern side of 
Southampton Water has been strongly opposed on 
planning grounds. The supertanker has certainly 
narrowed the possible range of new sites almost to 
vanishing point. 

It would clearly be possible to go on multiplying 
these examples of changing geographical values 
resulting from changing industrial techniques. 
The field of transport obviously presents enough 
material in itself for a whole series of lectures and 
I can only throw out a few suggestions. First, the 
impact of the introduction of refrigeration and 
temperature control into ocean shipping on the 
agricultural economies of Australia, New Zealand, 
Argentina, Jamaica and many other countries. 
Second, the vast range of consequences of the 
internal combustion engine, the diesel engine and 
the pneumatic tyre on the nature of freight and 
passenger movement by road, and on the oil 
industry. Third, the development of air transport 
which has opened up a vast new field of geographical 
studies, only the fringe of which has yet been 
touched by geographers.” 

I will conclude with a few observations on one 
aspect of the second of these, namely the motor 
industry, which presents some interesting examples 
of locational principles. Here is an ‘assembly’ 
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industry with a very high rate of technical change, 
and thus a high rate of obsolescence of capital 
equipment; an industry which, though based 
originally on a high degree of mechanical skill, has 
succumbed to automation and mass-production; 
an industry moreover whose products are mobile 
in themselves. 

The early industry was located almost entirely in 
the West Midlands, where it arose out of the 
cycle industry and was supported by the multi- 
farious metal-working trades and skills of Birming- 
ham and the Black Country, out of which grew 
the components industries of today. No other 
engineering district in the country had the variety 
of experience in ferrous and non-ferrous metals, 
and in precision work for such things as rifles and 
locks, that was present in this area, and the skilled 
labour was important when every car was a hand- 
made job. The specialist car producers, like Jaguar 
and Rover, are still in the West Midlands, close to 
their sources of components and to their reservoir 
of skilled labour, and it is interesting to find Rolls- 
Royce first at Derby and then at Crewe, both 
towns the home of locomotive engineering. 

The arrival of American flow-production tech- 
niques in the 1920s altered the situation appreci- 
ably. Specialised machine-tools and automatic 
transfer machines began to reduce both the labour 
requirements per unit of output and also the 
degree of skill required from a large proportion of 
the labour. The pull of the components remained 
strong—far stronger than the supply of sheet steel, 
which, coming largely from South Wales, has 
never in fact had any influence at all—so that 
Coventry and Birmingham remain very much in 
the picture. But assembly plants came into 
existence at Oxford, at Luton and at Dagenham, 
each for different detailed reasons, though all on 
‘virgin’ sites and with no accompanying reservoir 
of skilled labour or component manufacture. The 
fact that in recent years the Government has been 
exploring the possibility of persuading the motor 
industry to set up assembly plants in the Develop- 
ment Areas of South Wales and Scotland, and that 
two of the ‘Big Five’ have agreed to establish 
themselves on Merseyside, is an indication that 
car-assembly has almost, in fact, become a ‘foot- 
loose’ industry. It is fortunate that the components 
industries are all more or less centrally situated in 
the country, so that in a sense any of the four 
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estuarine areas would have served—but Mersey. consider 
side, by reason of its shipping facilitics, wal 7 jstion, 
clearly the best bet, London being ruled out ments. 
planning grounds. Britain 


From these miscellaneous and son etims| — field of 
detailed examples which I have given of changin © jhe cult 
industrial techniques and their geogriphicl pur the 
consequences, I hope that one major con lusiq 


twentiet 
will emerge, namely, that it is imposs?5le rejuvenz 
appreciate the geography of industry vithou!  gyr new 
knowing something, and sometimes quite a lo gtomicy 
about the industries themselves, about th: ir notorw 
materials and the processes by which th: se ar eloquen 


transformed into the end-products, which 1 1ay &k 
either themselves saleable as ‘consumer go: ds’ « 
form the raw materials or components for a 


industry. Just as in the study of agriciltus , ron 
geography (and I realise that I have said nothin wort 
about the changing techniques of farming) it i land 
necessary for the student to visit actual fa: msi 3. Rep 
various kinds in order to appreciate the rela ion 0 affec 


the operations to the physical, social and eco 10m 
environment, so, I submit, an intensive prog: amm: 
of factory and works visits is necessary to cornplet: 
the geographer’s education on this aspect od 
economic geography. It is possible, of course, tv 
read the technical literature in an arm-chair, but 
it is so much better to see for oneself, and to know 
exactly what goes on inside an iron and steel works, 
or a textile mill, or a motor car factory; and smal 
establishments as well as large ones should bk 
included, old as well as ultra-modern. I sometime 
feel that our field-classes spend too much tim 
looking for doubtful erosion surfaces when the; 
might be better employed in understanding th 
how and why of the manufacturing industry by 
which the majority of our people earn their living 

So, in conclusion, to return to the trilogy with 
which I began. The British people have been 
favoured by a highly complex ethnic structur 
which gives a wide variety of physical and ment 
characteristics, and by a climate which is possibly 
more conducive to constant and sustained effort 
than any other in the world. They have developed 
through the centuries processes of land occupation 
and resource development which have been greatly 
influenced and aided by technical advances, and 
these latter have so often found some part of tht 
varied environment of Britain, with its extr 
ordinary variety of geological formation and it 
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considera le ranges of relief and climatic character- 
sation, exceptionally appropriate to their require- 
ments. As the history of human occupance in 
Britain is a long one, and as we were first in the 
field of industrialisation, the product, in terms of 
al landscape, is an appearance of old age. 
‘xtraordinary technical revolution of the 

century has produced a remarkable 
on, to which our exploding conurbations, 
attern of thermal and hydro-electric and 
wer, our new industrial distributions, our 
s and our coastal caravans, all bear 
testimony. 
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Inflammatory Questions 


“Whatever the objects of the founders of the 
Association may have been, it is obvious that 
questions of public importance could not be 
permanently excluded from meetings the success 
of which depended on the interest stimulated in 
the community. The Statistical Section, which 
owed its origin to the visit, at the first Oxford 
Meeting (1832), of Quetelet, the Belgian astrono- 
mer and economist, was the first to assert itself by 
engaging in a discussion of the Poor Laws. 
Whewell deeply resented this violation of academic 
neutrality: “‘it was impossible,” he wrote, “to 
listen to the Proceedings of the Statistical Section 
on Friday without perceiving that they involved 
exactly what it was most necessary and most 
desired to exclude from our Proceedings,” and 
again : “ Who would propose (I put it to Chalmers, 
and he allowed the proposal to be intolerable) an 
ambulatory body, composed partly of men of 
reputation and partly of a miscellaneous crowd, 
to go round year by year from town to town and at 
each place discuss the most inflammatory and 
agitating questions of the day ?” 

‘Fortunately for our Association, this narrow- 
minded attitude did not prevail, and our records 
show that while not avoiding controversial and 
even inflammatory subjects, we have been able to 
exercise a powerful influence on the progress of 
science. The establishment of electric units, 
universally accepted throughout the world, origi- 
nated in the work of one of our committees; the 
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effort which led to the foundation of the N tiond 
Physical Laboratory, one of the most efficie 1t an 
beneficial organisations in the country, re -eivei 
its first impulses from us; and the organ satio: 
of the first world service for the syst ‘mati 
investigation of earth tremors was establist ed by 
the late Dr. Milne, working through one >f ou 
Committees.’ 


Prof. Arthur Schiister, F.R.S., Presi.‘entia 
Address, Manchester, 1915. 


* * * 


Incombustible Cloth 


‘Specimens of incombustible cloth for !adie 
and children’s dresses, manufactured by M: 
James Latto, Dundee, were exhibited to th 
Section by Sir David Brewster. This cloth will no 
catch fire either by a spark or even by contac 
with a lighted candle, or fire to such an extent 4 
to injure the person who wears a dress made of it 
It burns slowly, with a greenish flame, and i 
speedily extinguished. 

‘Rain or washing deprives the cloth of it 
difficult combustibility, and it was with the view 
of directing the attention of chemists to th 
subject, so as to discover a method of giving th 
cloth a permanent incombustibility, that Mr. Latt 
was anxious to have his specimens submitted t 
the Section.’ 


James Latto, B.A. Meeting, 1849. 
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THE PHYSICAL PRINCIPLES OF SWITCHES AND 
UIT-BREAKERS 


/By Dr M. P. REECE Electrical Research Association 


le, based on the 1960 Kelvin Lecture, 
something of the physical principles of 
obably one of the most interesting of the 
/more co’ ‘mon electric circuit elements. 

| It is erhaps surprising that in these days of 
irapid sc. ntific and technological advance, it is not 
iyet poss dle to design electrical switchgear from 
anythin: approaching first principles. This applies 
to all s.vitches, from the small domestic light 
switch cn the wall to the largest circuit-breaker 
‘capable of controlling the power for a whole town. 

This tate of affairs is admirably demonstrated 
in the electrical engineering departments of our 
universities and technical colleges, where students 
are often required, as exercises, to design magnets, 
‘transformers, alternators and other pieces of elec- 
trical plant, but are never asked to design a switch 
or circuit-breaker. 

The reason for this state of affairs is not very 
hard to find; switches almost invariably use an 
electric arc of one kind or another as the actual 
switching element, and it is the arc that presents 
an almost impossibly difficult task to the theorist. 

It cannot be claimed that electric arcs are not 
yet quantitatively understood for lack of trying. 
Before nuclear physics became fashionable, many 
of the more gifted physicists used to research into 
gas discharges, and some very eminent names have 
been associated with the subject. No, the difficul- 
ties, as the people working on controlled thermo- 
nuclear reactions are finding, are fundamental, and 
arise primarily from the extreme complexity of the 
processes occurring in gas discharges. 

_ This, then, is what makes switchgear such an 
interesting study. There are still problems of a 
basic nature to be solved, with the ultimate aim of 
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putting ourselves in a position where we can design 
switches and circuit-breakers from first principles. 
We must, however, always keep in the back of our 
minds the possibility that we may not be success- 
ful and may have to go on in the same old empirical 
way. What is the objection to empiricism? The 
answer is simple: economics. Without quantitative 
theory, the building of large circuit-breakers is an 
expensive business, because of the immense 
amount of cut and try development required. 


The Functions of a Circuit-breaker 


Switches and circuit-breakers must permit or 
prevent the flow of current in the branch of an 
electric system in which they are connected. A 
switch need only be capable of starting or stopping 
the flow of current under normal conditions, 
whereas the circuit-breaker must be able to control 
the extra large currents which flow when lightning 
or other causes put short-circuits on a power 
system. The large ‘fault’ currents which may flow 
as a result of such short-circuits must be inter- 
rupted in the shortest possible time, not only to 
prevent damage to equipment, but also because in 
a tightly interconnected system, such as the British 
grid, too persistent a fault could cause electrical 
chaos throughout the country. 

To introduce a few numbers, which make it 
easier to visualise what large modern circuit- 
breakers are called upon to do, a circuit-breaker 
rated at 15,000 MVA. (15.10® VA.) at 275 kV. 
must be able to interrupt peak currents somewhere 
in the region of 80,000 amp., and to withstand 
voltages across its open contacts of up to 400 kV. 
within milliseconds of interrupting the current. 
But then the same circuit-breaker must on other 
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occasions be capable of interrupting currents of a 
few amperes without producing dangerously high 
over-voltages. 

Now let us consider what a circuit-breaker is. 
While the current is flowing, the closed circuit- 
breaker must present a very low impedance and 
when the circuit-breaker is open and the current 
interrupted, it must present an almost infinite 
impedance. 

The term impedance, rather than resistance, is 
used deliberately, because in principle a switch 
could be a variable capacitor or a variable induct- 
ance. Nevertheless, the vast majority of switches 
and circuit-breakers take the form of variable 
resistors, having resistances of less than milliohms 
when closed, and more than thousands of megohms 
when open. 

The next question to consider is how rapidly 
may the resistance of a switch or circuit-breaker 
be varied during the switching process. Fig. 1 
shows a very simple direct current circuit contain- 
ing an inductance, a switch, a load resistor and a 
source of e.m.f. in series. Starting with the switch 
open, assume that its resistance is suddenly re- 
duced from infinity to zero. A current will start to 
flow, the initial rate of rise of the current being 
given by V’/L, the final current being V/R. There 
is obviously nothing objectionable in this, so we 
may say that when closing a direct current circuit 
the resistance of the switch may fall to zero inde- 
finitely fast without ill effect. 


L SWITCH 


x 


emf LOAD 


Fig. 1.—Generalised transmission system. 


The picture is rather different when the switch 
is to be opened to interrupt the current flow. Now, 
there is an energy, given by 4LJ?, stored in the 
inductance, and this energy must be dissipated in 
the resistance of the switch. Should the resistance 
of the switch increase too quickly, the resulting 
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rapid fall of current would produce a vo tage 
— L(di/dt) across the inductance, and this voluy 
could damage the insulation of the circuit It ¢@ 
be concluded, therefore, that when interrv pting; 
direct current in an inductive circuit there js; 
limit to the rate at which the resistance of th 
switch may be allowed to rise. 

In an alternating current system, the po: ition; 
rather different. Fig. 2 shows a simple a.c. ysten 
In switching on, it is found that, as in the d. >. cas 
the resistance of the circuit-breaker may ll ip 
definitely fast without giving rise to und sirabk 
effects. 

When the alternating current flowing in a syster 
such as that shown in Fig. 2 has to be inter uptei 
the position is very different from the d. . cas 
The basic difference is that with alternati: g cu. 
rent, the energy stored in the inductance is ne 
constant but varies as J? varies, shuttling be ck an: 
forth between the inductance and the pow: 
source. At the hundred instants per seconc. whe 
the current passes through zero, there is no enery 
stored in the inductance, and the resistance of th 
circuit-breaker could be increased from ‘ero 
infinity suddenly, without causing any undesirabi 
high voltage. This process is shown in Fig. 2. () 
course, unless the timing of the increase in resis: 
ance were absolutely accurate, so that it occur 
at an instant when the current was naturally zen 
very high induced voltages could result, as in th 
d.c. case. 

The oscillogram in Fig. 2 shows the start an 
interruption of a fault current. The resistance ¢ 
the circuit-breaker increases very rapidly at tk 
fourth current-zero. When this happens, the vol: 
age across the circuit-breaker approaches tk 
system voltage via a transient oscillation betwee 
the inductance and the stray capacitance. Thi 
oscillation is called the restriking voltage. 

To summarise, then, it can safely be said that: 
switch or circuit-breaker is merely a variabk 
resistor with a very wide range of variation. Whe 
switching direct current, the resistance may fi 
rapidly as the switch is closed, but must increas 
relatively slowly when the switch is open; wht 
switching alternating current, the resistance of tht 
switch may fall suddenly and may also increas 
suddenly, providing that it does so at the corr? 
instant. 

To design such a device using physical resistor 
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made perhaps with metal or carbon, which could 
be increased at will from very low values to very 
high values and which, moreover, could be in- 
creased rapidly and at a specified instant in time, 
would be a very difficult job, but fortunately the 


; electric «:c can be made to function as such a 


resistor Very satisfactorily. Not only can its resist- 
iade to vary over the very wide range 


environn ent, be made to change its resistance 
either ski wly or very rapidly; and as if these merits 
were ins ‘fficient, it has one more vital property, 
} that its 1 sistance depends on the current flowing 
init, so t :at it becomes self-timing when interrupt- 
‘ing alter ating current, increasing its resistance at 
the corr-ct instant. 


L CIRCUIT BREAKER. 


\Woltage -+- 
source LOAD 
| Short 
| circult. 


Fig. 2—The interruption of an alternating current. 


It is apparent, therefore, that the electric arc 
which forms naturally when metal contacts carry- 
ing current are separated, is almost the ideal 
variable resistor for switching. It has only one 
substantial disadvantage, and this is the difficulty 
of making electrical connections to it; having a 
temperature anywhere from about 6000° K. to 
70,000° K., it does have an unfortunate tendency 
to burn up its terminals. 


The Electric Arc 


In most switches and circuit-breakers, the arc 
which forms the variable resistor burns in a gas, 
tither at or above atmospheric pressure. There are 
afew exceptions, but the high pressure arc is the 
most common by far. 

Gases at high pressures are normally good in- 
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sulators, because the molecules or atoms of which 
they are composed are electrically neutral, and an 
electric field has little effect on the gas. To make it 
conduct, which it must if it is to work as a variable 
resistor in a switch, some of the outer electrons 
must be removed from at least some of the atoms 
or molecules, so that free charges, i.e. negatively 
charged electrons and positively charged ions are 
present in the gas; their movement under the 
action of an applied electric field constitutes a flow 
of current. 

Electrons can be removed from their parent 
atoms or molecules in a number of ways. The par- 
ticular removing, or as it is properly called ionising, 
process which is most important in high pressure 
arcs is thermal ionisation. This merely means that 
if a gas is heated to a sufficiently high temperature 
the kinetic energy of the thermal agitation of its 
constituent atoms or molecules becomes so large 
that at a substantial number of the impacts be- 
tween colliding particles the collision is severe 
enough to knock an electron away from one of 
them. This is purely a thermal effect, and is not 
necessarily connected with any electrical process. 


mhos cm 


Electrical conductivity O 


Ge 


Yo 
eOlxSE OF 


Fig. 3.—The electrical conductivity of nitrogen as a 
function of temperature. 


The thermodynamics of thermal ionisation was 
elucidated by the Indian physicist, Saha, primarily 
in connection with his study of the atmospheres 
of the sun and stars, but the equation he deduced 
is also applicable to conditions in high pressure 
arcs. Saha’s equation relates the fraction of gas 
atoms ionised to the ionisation potential, the 
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temperature and the pressure of the gas. From this 
and from the mobilities of the ions and electrons 
it is possible to compute the electrical conductivity 
of a gas as a function of its temperature. Fig. 3 
shows a curve relating the conductivity and tem- 
perature of nitrogen at atmospheric pressure. 

Imagine a cylindrical volume of air contained 
in a super furnace, capable of heating it up to, say, 
6000° K. At this temperature the air will be quite 
a good conductor because some of its atoms are 
thermally ionised. If, now, two electrodes are 
inserted into the ends of this cylindrical volume, 
and a voltage applied between them, a current will 
flow. This current will itself heat the air even 
further, and if it is large enough the furnace can 
be removed with the air still remaining conducting, 
kept hot by the electrical power being dissipated 
in it. This is, of course, an electric arc. 

Luckily, to form such an arc it is not necessary 
to use a furnace for the initial heating. The separa- 
tion of two conductors carrying a current can do 
the initial heating and start an arc. 

A continuous supply of energy is necessary to 
keep the arc in being because of the heat loss, 
largely by convection from its surface. Thus, if the 
current flowing in the arc is suddenly stopped, the 
temperature of the air will fall, the positive ions 
and electrons will recombine to form neutral par- 
ticles and the gas will rapidly revert to an insulating 
state. 

It has already been stated that the resistance of 
an arc depends upon the current flowing in it. The 
actual relationship in real arcs is complex in the 
extreme and depends on many factors, some of 
which cannot yet be handled theoretically. Never- 
theless, a very simple physical model suffices to 
demonstrate the general trend. If it is assumed 
that the arc burns at a constant current density, 
J amp/cm? and suffers a heat loss of W joules /cm?/ 
sec. from its cylindrical surface, then, by equating 
the electrical power input to the heat loss, we have: 


and p= 


P. REECE 


Thus, the resistance per unit length of arc i; smal 
when the current is large, large when the curren 
is small and infinite when the current i: zen, 
These are just the properties required for th 
resistor in a switch, since the resistance of he ax 
increases automatically to infinity as the curren 
flowing falls to zero. Unfortunately there is . snag, 

The snag is that the resistance of the arc :annot 
follow changes of current without a slight delay, 
so that when the current reaches zero, the resist. 
ance of the arc is not infinite, and the res rikin 


voltage which then appears across the swit« 1 may 


be able to put back enough energy into the arc | 


cause it to revert to a conductor once again 

There are two reasons for this delay. | irstly, 
the arc contains stored thermal energy and there- 
fore it takes a finite time to cool dow, ani 
secondly, even if the gas could cool instantan: ously, 
the ions and electrons would still take a finii 2 tim 
to recombine to form neutral atoms. 

The actual processes of cooling and de-ic nising 
arcs are very complicated but again a simple mod 
demonstrates the trend. It is assumed that in it 
last moments, as the current falls to zero, the 
diameter of the arc does not shrink, but the whok 
channel cools. 

If K = heat stored per unit length of arc per 
degree above ambient, D = arc diameter, W = 
heat dissipated per unit length of arc per degre: 
above ambient, then for the freely cooling arc we 
have: 

WT+K 
Hence: T = 
Hence: K/W is thermal time constant of the ar 

Now K is proportional to D® and W is propor 
tional to D, 

K, 

*, => is proportional to D. 

W 
If the resistance of the arc is to rise as rapidly 4 
possible as the current falls to zero, the arc dix 
meter must be small; it is one of the jobs of the 
circuit-breaker designer to reduce this delay to: 
minimum, by increasing the ratio of the heat los 
from the arc to its stored energy. 


Switches and Circuit-breakers 


In the early days of electrical power distribution, 
voltages and currents were small and simple kaif 
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switches. in which a pivoted copper blade swinging 


about one end could be pushed down into a grip- 
ping socket, were used for circuit-breaking. 


Original’, these switches were operated by hand 
and son: -times drew out long arcs which were 
alarming and could be dangerous when short- 


' circuit c crents had to be interrupted. The resist- 
| ance nec: ssary to secure interruption of the circuit 
was obt. ned mainly by the long length of arc 


drawn, nd not by any very rapid change in 
resistanc per unit length. 
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operated by the oil flowing in between the con- 
tacts at current zero and thus prevented re- 
ignition of the arc. Investigation with a high-speed 
camera, however, showed that the arc actually 
burned in a bubble of gas which remained between 
the contacts for some time after the arc was 
extinguished. Chemical analysis showed that this 
gas was largely hydrogen, formed by the cracking 
of the oil. The improvement in performance 
obtained by surrounding the arc with oil was due 
to the hydrogen, which, having a high thermal 


In 


| 
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Fig. 4.—Principle of operation of arc control structure. 


As higher voltages were used this type of switch 
‘became quite unable to deal with short-circuit 


) currents, and the oil circuit-breaker began to come 


into use. The early oil circuit-breakers were little 
more than the old air-break switches immersed in 
‘Mineral oil in a metal tank, and for a while these 
| Switches were able to cope with the steadily in- 
| teasing short-circuit energies. 

| It was thought at the time that these switches 
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conductivity, increased W/K and shortened the 
time constant. 

As power system voltages and currents con- 
tinued to grow, some improvement in the design 
of oil circuit-breakers became necessary, apart 
from the stronger and stronger steel tanks which 
the designers used, for although the stronger tanks 
increased the pressure of the hydrogen, and there- 
fore the interrupting ability, when a circuit-breaker 
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Fig. 5.—Sequence of stills showing arc extinction in an arc 
control structure. 


P. 


REECE 


did fail to interrupt, the resulting explosion wa 
that much more severe. 

The next step in the development of the oj 
circuit-breaker was the invention of arc -:ontn 
structures. These were constructions of synthet 


resin board or similar material designed tc retaiy| 
the oil in the immediate region of the arc, so thy! 
a lot more oil was cracked into gas, and ; muct| 
higher local pressure (which was not, were: | 
transmitted to the tank) was produced round th! 
arc. Even more important, the gas so form :d wa! 
channelled as a blast through the arc, furt ier ip- 
creasing the ratio of W to K and thus still urthe 
shortening the time constant. Fig. 4 shov's diz 
grammatically the action of such an arc ontn 
structure. As the moving contact rod is draw 
downwards, the gas generated by the result ng ax 
has to flow across the arc stream to escap : fron 
the structure into the tank. Fig. 5 is a sequc nce 0 
stills taken from a high-speed film showi ig th 
behaviour of the arc and the gas in a mo:lel ar 
control structure. 

A large modern oil circuit-breaker is shown in 
Fig. 6. This circuit-breaker uses six arc contr 
structures in series within each steel tank. 

Once it was appreciated that a blast of gas wa 
a good method of reducing the diameter of ‘he ar 
and shortening its time constant, it was an odviou 
step to use air, and take it from a reservoir wher 
it was stored at some suitably high pressure. Thu| 
the air-blast circuit-breaker was born, and thi) 
type of breaker has the advantage that the pressur 
of the blast is under the control of the designe 
and does not depend on the arc itself. The air flor! 
is most commonly along the axis of the ar 
although other arrangements have been us¢i 
Fig. 7 shows the basic principles of an axial flov) 
air-blast breaker. When in the closed positior) 
current can flow between the rod-shaped movin 
contact and the nozzle which forms the other cor 
tact. To open the circuit-breaker, compressed a! 
is allowed to flow into it, causing the moving cot 
tact to retract, and flowing out of the nozzle. Ai 
arc is drawn between the rod and the nozzle an! 
is swept into the nozzle by the air blast, transferriat 
from the back surface of the nozzle to the dow: 
stream probe which is electrically connected to i 
At the current zero, the arc is extinguished as it 
resistance rises rapidly because of the powerfl 
cooling and scouring action of the air blast. Pres 
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9 about 400 p.s.i. are commonly used in 
-kers, but the use of much higher pres- 
ing investigated in various laboratories. 
hows a series of stills taken from high- 
: film in which the various positions of 
. be clearly seen. Fig. 9 shows a complete 
circuit-breaker in a switching station. 
servoir is the long tubular base and the 
yrcelain columns are hollow, and serve 
he air up to the interruptor heads, of 
re are a number in series. 


“ly recent innovation is the use of electro- 


ases in a closed cycle blast-type breaker. 


hat has been most used is sulphur hexa- 


vhich has the merit of forming negative 
h recombine with positive ions to form 
»ms much more rapidly than do electrons. 
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(By courtesy of Associated Electrical Industries Ltd.) 


Fig. 6.—7500 MVA oil circuit-breaker. 
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Fig. 7.—Principle of operation of axial flow air-blast circuit-breaker. 


sition} It also has a much higher electric strength, as well 
movil} other advantages. Large circuit-breakers using 
ier cot} “sulphur hexafluoride have very recently gone into 
ssed ai] ‘service in the United States, and may appear in 
ng cot) this country as well. 

zz\e. |) The oil and air-blast circuit-breakers which have 
rzle at /so far been described are by far the most important 
sferti| ‘types. Both of them depend on flowing gas to give 


> dowt with 


short time constants. These two types 


ed toil jare the only ones which are used at really high 
as it) power levels. 

owerfl| A rather different circuit-breaker which is be- 
it. Pres} coming widespread at lower voltages, up to 11 kV, 
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is the arc chute circuit-breaker. This is almost a 
return to the old knife switch, except that the arc 
is no longer allowed to wander about, but is driven 
by a magnetic field into a porcelain labyrinth 
called an arc chute. There it is greatly lengthened 
and reduced in cross-section by being forced 
magnetically into narrow slots into porcelain plates. 
The high arc resistance required for arc extinction 
is built up over a period of a hundredth of a 
second or more rather than in a few tens of micro- 
seconds as in an oil or air-blast breaker. These arc 
chute circuit-breakers are often used in generating 
stations to control boiler feed pumps and similar 
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loads and contain no oil nor require compressed 
air. In Fig. 10 the successive positions of the arc 
as it is lengthened by the magnetic field can be 
seen diagrammatically, and in Fig. 11 is shown a 
sequence of stills taken from a high-speed ciné 
film. The very great lengthening of the arc which 
occurs is clearly visible. 

There are many other types of switch and circuit- 
breaker but most of them are relatively unimport- 
ant compared with the three that have been 
described, and in any case, all of them could be 
fitted into one or other of the three categories. 
The only exception is the vacuum switch, which 
is most suited to switching small currents at high 
voltages. The arc in such a switch is very different 
from the high pressure arc and has a time constant 
measured in fractions of microseconds rather than 
microseconds. It is not yet economically important 
in this country. 


Switchgear Testing 


Since it is not yet possible to design switchgear 
from first principles, testing plays a larger part in 
this branch of electrical engineering than in many 
others. Not only must circuit-breakers be tested 
repeatedly, to verify the design, but the finished 
product must be rigorously tested for the various 
switching operations that it will have to perform 


in service. fair to s 
The heart of a switchgear testing facility is a really | 
group of large alternators, specially designed to thetical] 

withstand repeated short circuits. These alterna- 
tors, which when connected together can give a Resear« 
very high power output for short periods, feed the ; — 
as Dee! 


switchgear under test via inductances and/or 

transformers, through another circuit-breaker of 

proven interrupting ability, just in case the switch 

on test fails to interrupt the short-circuit. In the 

course of a test the performance of the circuit- 

breaker is recorded by oscillographs, cameras and 

other instruments. | 
Because of the very high capital cost of such | 

testing plant, and the very large sizes of circuit- 

breaker now being manufactured, considerable ee 

effort is being applied to the development of a 

methods of so-called ‘synthetic’ testing, in which _ 

the current which the breaker must interrupt is 

supplied at a low voltage from one source, and the 

voltage that appears across it immediately inter- Fig. 8.—Sequence of stills showing arc extinction in # 

ruption is supplied from another. It is probably axial flow air-blast circuit-breaker. 
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fair to say that in the not too far distant future all 
really large circuit-breakers will be tested ‘syn- 
thetically’. 


Research and Possible Future Developments 


Research into the fundamentals of arc extinction 
has been in progress for many years, and it seems 
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very unlikely that quantitative solutions will be 
found to the arc extinction problem except in an 
empirical form. The problem is extremely complex 
because in a circuit-breaker nozzle there is a hot 
(but not uniformly hot) turbulent and partially 
ionised gas flowing at the speed of sound. In this 
turbulent blast some ions and electrons are recom- 
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Fig. 10.—Principle of operation of arc chute circuit-breaker, 
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Fig. 9.— ME MVA air-blast circuit-breaker. (By courtesy of A. Reyrolle & Co. Ltd.) 
— 


Fig. 11.—Sequence of stills showing arc extinction in an 
arc chute circuit-breaker. 


REECE 


bining, but fresh ionisation is always occurring 
under the influence of the electric field bi twee 
the contacts. Since there is as yet no satis! actor 
mathematical theory of non-isotropic tur >ulen 
flow even in cold gas, an analytical solution of the 
arc extinction problem is as yet virtually impc ssible, 

What of possible future developments in s vitch- 
gear ? The number of completely new pri: ciple 
which might be applied to circuit interr iption 
seems very limited, but two interesting ty ves of 
switch which are now being actively inves: gated 
in many laboratories are vacuum switchc; and 
solid state devices based on the transistor. [hese 
two types of switch, and more conventional types, 
using uncommon gases or liquids, seem to »e the 
most likely roads which could lead to new types 
of switchgear. 

Should developments in direct current power 
transmission call for large d.c. circuit-bre akers, 
there are several ways of switching high-v 5ltage 
direct current, and there seems to be little funds- 
mental difficulty involved, although consid:rabk 
development work will have to be done befor 
such switches are commercially available. 


Post-script 


The ability to control the flow of power in ou 
electrical transmission systems is fundamental to 
their satisfactory performance, and thus to our 
present industrialised society. 

The necessary switches and circuit-breaker 
have been developed, from very crude beginning, 
to their present sophisticated state almost without 
benefit of theory. 

It is to be hoped that a quantitative theory o 
switchgear will one day be developed, but the day 
does not seem near at hand. Nevertheless, there 
is little danger that the development of switchgea 
will be unable to keep pace with the steadily in- 
creasing power levels of our electricity supply 
systems. 
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'THE INTERIOR OF THE EARTH* 


By Dr. R. STONELEY, F.R.S. Department of Geodesy and Geophysics, University of Cambridge 


Man, by his muscular power alone, has not 
succeed d in digging far into the interior of the 
Earth— ‘he Earth is tough, and there is a lot of it— 
and eve: the vast efforts of modern engineering 
have ben confined to excavating and drilling to 
depths »f less than ten miles. Thus, information 
about iae deep interior must be obtained by 
indirect evidence and argument, some of it very 
indirect, and the geophysicist shares with the 
astronomer the handicap of not being able to 
sample at will the materials that he wishes to study. 
Sometimes the chain of argument is long and 
tenuous, and often the investigator seeking a precise 
numerical value must be content to find merely an 
order of magnitude. 

The increase of temperature with depth in mine- 
shafts, as well as the existence of volcanoes, must 
long ago have led to the conjecture that the Earth 
is very hot inside—how hot we will discuss later. 
In ancient and medieval times the state of the 
interior was a matter about which speculations 
could be made freely, often in accordance with 
theological predilections. The step towards any 
reasonable idea of the internal structure had to 
await the formulation of quantitative laws of 
dynamics, physics and chemistry. 

Up to about the end of the nineteenth century 
the information available concerning the structure 
and composition of the Earth’s interior was of a 
general nature only, and was derived from a 
number of widely different scientific disciplines. 
The shape of the Earth was known from astro- 
nomical and geodetic measurements to be approxi- 
mately an oblate spheroid, and the dimensions 
likewise were reasonably well determined. The 


* Presidential Address delivered to Section A (Physics 
and Mathematics) on September 1, 1961, atthe Norwich 
Meeting of the British Association. 
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usual process of geodetic triangulation available 
on land was not available across the oceans, but the 
classical researches of A. C. Clairaut on the theory 
of the figure of the Earth indicated the means 
whereby measures of gravity over the oceans could 
be used to supplement measurements on land, 
provided that a sufficiently stable platform could 
be devised for use at sea. Further, the variation of 
gravity along an arc of the meridian determines the 
polar flattening, and corroborates the method of 
direct geodetic measurements, which in effect uses 
the elevation of an ideal Pole Star at varying 
distances measured along a meridian. The mass of 
the Earth was known from the mean value of 
gravity as soon as the constant of gravitation had 
been determined in the laboratory by such experi- 
ments as those of C. V. Boys. 

Some general idea of the distribution of density 
within the Earth could be inferred from astronomi- 
cal data. The approximate constancy of the direc- 
tion of the polar axis in space over a period of 
several years supported the idea that the distribu- 
tion of matter must be very nearly symmetrical 
about this axis, regarded as the axis of figure. The 
arrangement of matter within the Earth deter- 
mines the ‘moments of inertia’, which in angular 
motion occupy a rdle analogous to mass or 
‘inertia’ in translatory notion; the moment of 
inertia about an axis is found by multiplying every 
element of mass by the square of its distance from 
the axis, and by summing all these contributions. 
For instance, the moment of inertia of a uniform 
solid sphere, of mass M and radius R, is #MR?; 
for the Earth, supposed symmetrical about its 
polar axis, the moments of inertia are denoted by C 
about the polar axis and A about any diameter in 
the plane of the Equator. Now in relation to the 
plane of the Earth’s orbit round the Sun (the 
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‘ecliptic’), the direction of the Earth’s axis is not 
constant, but rotates in a conical path about the 
axis of the ecliptic—that is to say, the Earth’s axis 
does not continue to point to the same point of the 
heavens (somewhere near the Pole Star) but 
describes in the sky a circle of angular radius about 
23° in a period of about 26,000 years. This 
‘precession of the Equinoxes’ is ascribable to the 
attraction of the Sun and Moon on the equatorial 
bulge of the Earth, and depends on the ratio 
C/(C— A), which may thus be calculated, and is 
about 305. Now according to a celebrated theorem 
of Clairaut the ellipticity of the Earth « (defined as 
(c—a)/c, where a, c are respectively the equatorial 
and polar radii), the moments of inertia, and the 
ratio m of the centrifugal force at the equator to 
mean gravity, are connected by the relation 


3(C—A)|MR® = 2e—m 


Using the values m = 1/288, « = 1/297, and 
the above value of C/(C—A), it follows that 
C = 0-:33MR?*; in comparison with the value 
0-4MR? for a uniform sphere, this indicates that 
the Earth is centrally condensed. It might be expec- 
ted of course that to some extent the Earth would 
condense centrally under its own gravitational 
attraction, but computation shows that with any 
materials of which the compressibilities are 
known from laboratory experiments the conden- 
sation from this cause would be insufficient to 
give the required value of C. This result is very 
important, since any proposed distribution of 
density in the Earth must satisfy the requirement 
C = 0-33MR’. 

There is another piece of astronomical evidence 
that throws some light on the rigidity of the Earth 
as a whole. Suppose we consider a rigid body, with 
an axis of circular symmetry passing through the 
mass centre, and confine our attention to the 
angular motion, which may be treated separately 
from the motion of the mass centre. Initially the 
body is supposed rotating about this polar axis, 
which in the absence of outside couples will 
maintain the same direction in space; if a small 
spin is given to the body about an axis at right 
angles to the polar axis the instantaneous axis of 
rotation will describe a cone in the body, (the pol- 
hode cone) and likewise a cone in space (the 
herpolhode cone). Now observations of the 
altitude of stars are regularly made to determine 


the direction of the polar axis of the Earth: iy 
reality they determine the direction of the ‘nstap. 
taneous axis. Thus, in the case consider:d th 
apparent North Pole will describe on the ‘arth’ 
surface a circle about the mean positior ; thi 
phenomenon is the ‘Eulerian Nutation’ and woul 
give a periodic change of the latitude of an plac 
in a period of A/(C—A) days (or, near e: ough, 


C/(C— A) days). Such a change in 305 waf 


looked for, and not found. Actually in 1891 : smal 
motion of the North Pole was detected by S. C. 
Chandler which was less regular in appearan e and 
corresponded to the superposition of a smal 
annual motion and a small roughly circular nove- 
ment in a period of about 428 days. The cz use of 
the free period of 428 days was soon sugges ed by 
S. Newcomb; the lengthening is to be expe ‘ted if 
the Earth is not perfectly rigid, and, —adeed 
computation shows that such a lengthen ng i 
consistent with the assumption of an « veral 
rigidity of the order of that of steel. It hz ppens 
that the yielding of the Earth to the tidal force 
exerted by the Moon and Sun (the ‘Earth Ti je’) is 
in general agreement with this result. 
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Fig. 1.—Variation of Latitude from 1940 to 1947 (after 
L. Carnera). 


The idea that the Earth is so rigid was i 
contradiction to much older ideas that the interior 
must be fluid. Such an idea no doubt originated 
from the existence of volcanoes and from th 
observed increase of temperature with depth i 
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mines. The possibility of a very thin crust over a 
molten interior was disproved by Lord Kelvin’s 


ry observatin that in these circumstances the ocean 
‘arth, foor d rise and fall with the changes in the 
tide-rais' g forces, so that ocean-tides would not 
| would be obser: -d. 
The cegoing description of the information 
available :t the beginning of this century throws 
into reli the great advances made in the past 
smal half-cen' ry in our detailed knowledge of the 
 structur ind composition of the Earth’s interior, 
pe meagre | ough this still appears to geophysicists. 
This development has been made possible 
“nove by man ines of research, but particularly by the 
suse ft ‘study of uarthquakes. Even if earthquakes did not 
by occur, could now obtain much of this informa- 
> ted it ) tion fror the records of large nuclear explosions. 
Histor records of earthquakes have been 
1 ng isp made frc 1 early times, and instrumental observa- 
“a : tions we made as far back as the second century 
AD. in ‘shina. More sensitive recorders of the 
shaking (the Earth’s surface were devised during 
the enth century and large earthquakes were 
‘detected at great distances from their apparent 
> place of origin. As will be seen from the illustration 
| ofan eart iquake record (seismogram) the confusion 
of oscillztions needs patience and experience, as 
> well as the intercomparison of a number of 
é seismograms from different stations and of different 
jearthquakes, in order to pick out consistent 
"features. 
 90°E 
(after 
wes i : Fig. 2.—Medieval wood-cut of earthquake damage. 
terioty 
‘natal ) Confining our attention for the moment to 
Stocks recorded at angular distances from about 
pth inh 25° to 100° it is seen that the record starts with a 
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distinct kick, known as P. There is a prominent 
kick arriving some time later which is called S. 
Now it is found that the interval S— P depends, as 
a first approximation, only on the distance from 
the earthquake (the ‘epicentre’) to the station; 
P is evidently outrunning S, and from the interval 
S—P this ‘epicentral distance’ can be estimated; 
in this way travel times of P and S are tabulated 
when the instant of the commencement of the 
shock is known from local observations. The inter- 
pretation was first given in 1899 by the geologist 
R. D. Oldham. It was proved by S. D. Poisson in 
1829 that two kinds of elastic waves can be 
propagated through the interior of an elastic solid, 
the compressional wave, in effect a sound wave, 
and a distortional wave, depending only on the 
rigidity, in which the displacement of the particles 
of the solid is at right angles to the direction of 
propagation. Further, by the numerical analysis of 
the tables of travel times the paths of the rays and 
the velocities of propagation at all the depths 
reached can be ascertained. The directions of move- 
ment in P and S support the interpretation that P 
is a compressiona! wave and S a distortional wave. 

Some important information thus emerges. 
Leaving aside small corrections for ellipticity it 
follows that the Earth must be spherically sym- 
metrical. Further, the Earth must be solid down to 
about half-way to the centre. If the density p is 
known, the velocities « and f of the pulses P and S 
give the elastic constants A, » according to the 
formulae «? = (A + 2u)/p; 8? = p/p. 

This is the general picture as given by waves 
that have travelled an epicentral distance not 
greater than about 108°. From that distance, 
however, the records show different features from 
what is seen at shorter ranges. The initial pulse P 
is of small amplitude and S seems to die out 
altogether. At an angular distance of 142° a very 
prominent initial onset occurs instead of P, and 
this is identifiable right round to the antipodes. 
Oldham’s explanation put forward in 1906, and 
borne out later by the researches of B. Gutenberg, 
was that in the deep interior of the Earth (actually 
at a depth 0-455 R.) the solid shell (nowadays 
called the ‘mantle’) gives place to a ‘core’ that is 
fluid, in the sense that it does not transmit dis- 
tortional waves. The velocity of compressional 
waves suffers a sharp drop in passing from mantle 
to core, so that there is strong refraction at the 
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junction: thus a ray, originating near the Earth’s (PcP) reflected at the surface of the core. F:om th 


surface and dipping a little more steeply than one _ travel times of PKP the distribution 0! way.f 


that just emerges at 108°, is refracted through the _ velocity with depth was worked out by H. ! <ffrey, 
core so as to emerge near the antipodes, and, in —_B. Gutenberg and others. 


The earthquake o of 1 23rd July 1929 recorded at Copenhagen at epicentral distance 18-6°. 


The tke of Fune east of Kamchatka recorded at C at epicentral distance 
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The earthquake of 1st March 1948 off the west cuast of New Guinea recorded at Scoresby-Sund a 
epicentral distance 108°. 


Fig. 3.—Typical seismograms (after Gutenberg). 


fact, all rays leaving their origin (the ‘focus’) more The existence of P waves emerging betweef 
steeply than this critical ray will emerge at 142° or 108° and 142° was for a long time thought to kf 


beyond, so that 142° constitutes a distance of the result of diffraction, but it was suggested in 


minimum deviation, as with the caustic seen in a 1936 by Miss I. Lehmann that they mighiP 
teacup when the Sun is shining into it—hence the _ originate through the refraction of steeply-dippin}- 


large amplitudes at about 142°. This ray through rays by an ‘inner core’. This view has been genera: 
the core is denoted by PKP. A confirmation that _ly accepted, following the demonstration by Jeffrey 


the transition from mantle to core is sharp was _ that the amplitudes of diffracted waves should bf 
provided by the discovery by V. Conrad of waves _inappreciable at the angular distances, much les} 
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Fig. 4.—Earthquake travel times for a surface focus (after Jeffreys). 
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Fig. 5.—Velocities of P and S in the Earth’s interior (after 
Bullen). 


than 142°, at which they had formerly been 
classified as ‘diffracted’. The radius of the inner 
core has been computed by Jeffreys, and by 
Gutenberg and Richter, as about 0-2 R.; whether 
the inner core is solid or fluid has not been finally 
settled. 

So far little has been said about the distribution 
of density in the Earth. As mentioned above, the 
mean density is known from the radius, the surface 
value of gravity and the constant of gravitation: it 
is about 5-517 gm. per cu. cm. The distribution 
must give a moment of inertia about 0-33MR?. It 
is reasonable to suppose that a distribution in 
which at any stage the density decreased down- 
wards would be gravitationally unstable. In early 
discussions of the figure of the Earth ‘laws’ such 
as those of Laplace and Roche were proposed 
rather on the basis of analytic convenience than on 
detailed geophysical evidence. The hypothesis of 
E. Wiechert (1897) of a core of density 8-2 gm./ 
cm® and radius 0-78 R. with a rocky shell of 
density 3-2 gm./cm* proved to be a good starting 
point for later investigations, and it was shown in 
1926 by Jeffreys that by considering the effect of 
compressibility the seismic and astronomical data 
could be satisfied by identifying the Wiechert core 
with the Oldham—Gutenberg core. 

The way to a more direct calculation of the 
march of density with depth was opened by an 
investigation by L. H. Adams and E. D. William- 
son in 1923. If the p is the pressure in the Earth at 
a place where the density is p and the distance 


from the centre is r, then, if the Earth is jy 
hydrostatic equilibrium, dp/dr = —pGM"/r* when 
G is the constant of gravitation and M’ is tl e may 
within a concentric sphere of radius r. Tl ¢ buk®y 
modulus, defined as pdp/dp, is likewise p(«* — $f 
so that if the chemical composition does not hang 
dp/dr = —GpM'/r?(a?— 38"), and also 
= 4zpr®. These two equations may be int: grate 
step by step from the surface inwards, us 2g th 
reasonable value p = 3-32 gm./cm? for the ‘ensity 
at the top of the mantle and just below tl = con- 
tinental layers, and taking account of the n omen 
of inertia criterion. 
This integration was carried.out by K. E. Bulle} 
in 1936 in an investigation of fundamental i apor- | 
ance. Bullen found that a direct applicatior of th} 
above equations to the mantle as a whole, ig 10ring 7 


& 


PARAMETERS (10% dynes Am) 
= 


possible changes of constitution, led to an ir :possi- 7 
bly high value for the moment of inertia of th 
core. Now one such change had alread: bea” 
inferred from seismological evidence by P. syerly, 
I. Lehmann and H. Jeffreys; at a depth oi abouy” 
400 km., corresponding to a distance 0-94 F.. from 
the centre, the rays travelling an epicentral d stance)” 
of about 20° appear just to reach a level at wh. ch th)” 
velocity of P fairly suddenly undergoes a shan 
rate of increase. Whether this ‘20° discontinuity 
is a true discontinuity is a question that has no 
yet been settled. Below this level the rate of) 
increase of velocity with depth falls off steadily 
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Fig. 6.—Variation of density in the Earth’s interior (afte 4 
Bullen). 
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down tc a depth of about 1000 km., below which 
the rate of increase with depth is sensibly constant 
until the core is reached. There is some uncertainty 
regardin the density of the inner core, but by 
considering two extreme hypotheses Bullen was 
able to set reasonable limits to the possible 
distribu:ion of density. With this knowledge, the 
elastic c ‘nstants and the pressure, variation may 
be four directly. The question of the chemical 
ion will be discussed later. 


T 


ELASTIC PARAMETERS (10% dynes m1) 


4000 6000 
DEPTH (km) 


| Fig. 7.—Variation of Young’s modulus (E), bulk modulus 
(k) and Lamé’s parameters (A, ) in the Earth’s in- 
terior (after Bullen). 


Now the layers of the Earth that are accessible 
by direct geological observation throw little light 
on the constitution outlined above (which is 
admittedly an over-simplification). The sedimentary 
rocks of the continents and ocean floors have been 
deposited, and often redeposited, since the time 
that the ancient granitic shields came into being. 
The time scale of the rocks is fairly precisely known 
from measurements of radioactivity, but the 
enormous contortions that the accessible parts of 
the coast have undergone prevent any belief that 
we have really typical specimens of the material 
of the mantle. Volcanic activity is local, and seems 
to be relatively superficial, and in view of the 
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likelihood of magmatic differentiation it is risky to 
infer that plutonic rocks, particularly in their 
radioactive content, are typical of anything except 
the uppermost part of the mantle. 

Here, however, seismology comes to our aid, 
Where an earthquake is recorded at a number of 
stations within, say, 1000 km. of the epicentre (the 
point of the Earth’s surface above the focus of the 
shock), the time—distance curves, which are very 
nearly straight lines, give the velocities of com- 
pressional and distortional waves in the separate 
layers of the continent, as well as estimates of the 
thicknesses of the layers and the depth of focus. In 
this way it is inferred that the continents are about 
35 km. thick, mainly granitic in general composi- 
tion, with a layer of basic rock beneath in some 
regions, though whether this basic layer occurs in 
all regions is not settled. At the base of these 
continental layers is the Mohorovici¢ discontinuity, 
or M-discontinuity, below which is the general 
material of the mantle, consisting, it is thought, of 
ultrabasic rocks. This discontinuity appears to be 
world-wide. The submarine layers can be diag- 
nosed by means of artificial explosions, either in 
the ocean or on the sea-floor; a similar method is 
employed in prospecting on land for oil or minerals, 
where the sub-surface structure is delineated by 
the records of explosions at a chain or ‘spread’ of 
portable seismographs. The constitution of the 
oceanic regions is by no means uniform: a typical 
region might consist of 5 km. of sea-water, with 
about | km. of sediments, increasingly consolidated 
with depth, below which is some 5 km. of basic 
rock extending to the M-discontinuity. All this, of 
course, is an over-simplification, especially as 
measurements of gravity indicate that on the 
whole the surface features are ‘compensated’, so 
that, for instance, underneath the mountain ranges 
is material lighter than the material of the mantle; 
and that, in consequence, the mountains havé 
‘roots’ extending far into the ultra basic material) 
The oceans are mainly compensated, and the 
M-discontinuity there is much nearer sea-level 
than on land. 

Much additional evidence is forthcoming from 
the time of travel of the elastic surface-waves which 
form the most prominent feature of a seismogram 
after the arrival of S. They are of two kinds, 
Rayleigh waves, named after their discoverer, the 
3rd Lord Rayleigh, and Love waves, discovered by 
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A. E. H. Love. They are distinguished by the 
direction of motion of the elements of the solid, 
which in Rayleigh waves has a vertical component 
and a horizontal component in the direction of 
propagation, while in Love waves it is horizontal 
and at right angles to the direction of propagation. 
The motion is more conspicuous near the surface 
of the Earth, and dies away with depth; the special 
interest is that the motion is dispersive, i.e. the 
wave velocity depends on the period, so that the 
record exhibits a long train of waves of slowly vary- 
ing period: each constituent period travels with 
its appropriate group velocity. By assuming various 
likely models of the layering a comparison may be 
made of the calculated and observed dispersion 
curves; in this way, for instance, the difference 
between continental and oceanic regions can be 
clearly brought out. It should be emphasised that 
the identification of materials inferred from 
seismological evidence with actual rock types 
involves an assessment of probabilities. Thus the 
material just below the M-discontinuity has a 
compressional wave velocity of about 8-1 km./sec., 
and the consistency of the law of variation of 
density with depth supports the value of about 
3-3 gm./cm® for the density; but this does not 
identify the material chemically, and the evidence 
for thinking the material to be of the composition 
of an ultrabasic rock is that laboratory measures of 
the density and elasticity of olivine (a mixture of 
magnesium and iron orthosilicates in varying 
proportions) are consistent with the seismologically 
determined values for this region. 

An interesting point arises in connection with 
the attempted identification of the materials 
within the Earth. Jeffreys calculated the depth of 
the 20° discontinuity to be 480 km.; the pro- 
cedure already outlined then indicated a density 
jump there from 3-69 to 4-23 gm./cm*. The 
latter figure corresponds to a density at atmospheric 
pressure of 3-6 gm./cm*, which does not corres- 
pond to any material likely to be found in world- 
wide abundance at that depth. J. D. Bernal, whose 
attention was called to the possibility by H. 
Jeffreys, suggested that this jump might correspond 
to a change under pressure from a rhombic to a 
cubic form. Although this suggestion has not met 
with general agreement there is some experimental 
evidence that a change of the right order of 
magnitude should occur at the prevailing pressure. 


DR. R. STONELEY 


A further development along these lines wa 
proposed by W. H. Ramsey in 1948. He sug ested 
that, under the high pressures obtaining vithin 
the region of the core, the olivine of the : 1antk 
might lose some of its electrons and become | high 
pressure modification, effectively a metal. ‘t isa 
familiar fact that some substances, such as t) 1, can 
occur in a non-metallic or a metallic form acc: rding F 
to the temperature and pressure. It has als: been 
suggested that the surface layers originate 1 this 
manner: these changes would be reversible, ind it F 
is to be hoped that one day deep drilling dc vn to 
the M layer, as in ‘Operation Mohole’, ma: clea 
up this point. Ramsey has applied the thec y for 
hydrogen to the outer planets, and conclud« ; tha F 
Jupiter and Saturn should consist of some 0 per F 
cent of hydrogen. It should be mentioned th it the 
usual identification of the core as iron had been |” 
based on the computed density and on the wide 
occurrence of iron in meteorites, as well as a the 
Sun. Ramsey’s theory could be invok«i to 
explain the inner core as a further stage of pr: ssure 
degeneracy. 

The question arises whether the material «f the f 
Earth has finite ‘strength’, that is, whether :t can 
permanently resist deforming stresses, or whether [> 


it ultimately flows under small shearing stresses if J 


these are operative over very long periods of time. 


The fact that the main overall spheroidal figure of gi 


the Earth closely approximates to a gravitational F_ 
equipotential has led to the view that the Earth as | 
a whole is in hydrostatic equilibrium. It was, 
however, pointed out by J. Barrell in 1914 tha 
observations of the deflexion of the vertica [7 
indicate that the surface blocks are not supported F 
purely hydrostatically as they would be if a littl | 
below the continents there were a layer of no fF” 
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appreciable strength, but that the weak layer, fof inv 
which Barrell called the ‘asthenosphere’, had af ments 
strength of about one-sixth of that of the surface Fall ove 
rocks, an estimate which Jeffreys considers should F__ interp: 
be increased to about one-third. Some assumptions F_ theore: 
have to be made about the distribution of strength, F__ infinit: 
regarded as the greatest stress-difference the F will ac 
material can permanently withstand without flow F over a 
or fracture. If the absence of earthquake foci at f must | 
depths greater than 0-1 R. is taken to indicate the  atpres 
absence of strength below that level, then to support Way al 
typical surface features requires stress-differences [| depths 
reaching 3-3 x 10% dynes/cm? at depths from 50 The 
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km. to 690 km.; these values are diminished if we 
assume ‘1¢ existence of strength right down to the 
boundary of the core. It should be mentioned that 
observa‘ ons of the orbits of artificial satellites give 
a value of the ellipticity of the Earth’s surface 
inconsis «nt with the hypothesis that the interior 
is in hy -ostatic equilibrium. 

Com: red with the wealth of information 
obtaina’ : from a study of earthquakes and large 
explosic s, the knowledge derived from other lines 


mined by the balance between the heat received 
from the Sun and that radiated out into space; it 
appears to have had much the same value through- 
out the time since the oldest sedimentary rocks 
were deposited. Thus the region near the Earth’s 
surface is sensibly steady. Determinations of 
temperature in borings have been made in many 
parts of the world, including the ocean floors: the 
rate of outflow of heat is given by the product of 
the temperature gradient and the thermal con- 


Fig. 8.— Wave paths and wave fronts of direct compressional waves in the Earth (after Gutenberg). 


of investigation is surprisingly scanty. Measure- 
ments of gravity have been made in great numbers 
all over the continents and the oceans, but their 
interpretation is not unique: according to a general 
theorem in the theory of gravitational potential an 
infinite number of subterranean mass-distributions 
will account for a set of values of gravity observed 
over a large area, so that additional assumptions 
must be made about the mass-distribution, and 
at present no certain inference can be drawn in this 
pad about the distribution, particularly at great 
ths. 


The mean temperature of the surface is deter- 
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ductivity where the latter is known. It was 
verified by Sir Edward Bullard some years ago 
that this rate of outflow was the same throughout 
one of the boreholes in South Africa. It turns out 
that the rate of outflow is much the same in all 
parts of the world, namely 1-2 x 10~® cal. per 
sq. cm. per sec. Now it is most unlikely that this 
rate of outflow could be accounted for by a store of 
primitive heat, supplemented by that liberated 
from the transformation of gravitational potential 
energy during contraction. 

It is nowadays believed that much of the heat- 
flow is maintained by the heat liberated during 
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radioactive transformations. Much work has been 
done along these lines, some of it a matter of 
contention, but roughly it may be said that the 
radioactivity of granites (as determined from 
specimens obtained from the Earth’s surface rocks), 
together with a rather uncertain amount in more 
basic rocks, will account for a heat outflow of 
about the right order of magnitude. Unfortun- 
ately the heat outflow does not determine the 
distribution of temperature throughout the interior. 
A problem in heat-flow can be made definite if one 
can specify the temperature distribution at some 
initial instant, together with the heat sources at 
all times, but for the Earth some hypothesis, such 
as solidification of the mantle through cooling of a 
molten magma, must be set up so as to specify the 
precise problem. Thus the discussion soon begins 
to involve cosmology, with such complications as 
the effect of the variation with time of the ‘con- 
stant’ of gravitation. At the present time there are 
many advocates of the idea that the Earth is 
expanding, rather than contracting as formerly 
believed, and despite many detailed discussions, 
such as that of L. Egyed, it is premature to attempt 
to sum up the evidence. 

In modern times the Earth’s magnetic field has 
beén the subject of much research. A harmonic 
analysis by C. F. Gauss in 1836 of observations 
made over the surface of the globe showed that 
the main part of the magnetic field is what is now- 
adays called a ‘dipole field’, that is, it is equivalent 
at points on or outside the Earth to the field of a 
magnet of small dimensions situated near the 
middle of the Earth, or alternatively, to the field of 
a uniformly magnetised sphere. This analysis 
further decides whether a given term in the 
expansion is attributable to sources inside the 
Earth or from outside. 

The origin and maintenance of the dipole field 
afford a problem not yet finally solved. An immedi- 
ate difficulty arises if the Earth is supposed to be 
permanently magnetised; the temperature reaches 
the Curie point for iron at about 750° C., so that it 
is unlikely that magnetism can be retained in 
ferromagnetic substances except in a thin surface 
shell. It is improbable that such a shell could 
become so intensely magnetised as the value of the 
Earth’s field requires. To explain the dipole field 
by electric currents circulating in the interior 
involves a large current flow for which there is no 
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obvious origin: if such a current exist: as q 
remnant of a decaying current set up long ago, 


the known order of the rate of decay of the cur. 7 
rent indicates a primitive current of encrmoy 7 


strength, the origin of which is inconc. ivable 
in our present state of knowledge. Variou other 


suggested causes, such as the gyro-m: gnetic | 
effect, have been suggested, but are either | 


very improbable or else give an effect of ar too 
small a magnitude. There remains for co: sider- 
ation the development of a suggestion, fi: st put 
forward by Sir Joseph Larmor in 1919, ti at the 
Earth acts as a self-exciting dynamo. An inv stiga- 
tion by T. G. Cowling in 1934 showed thi: to be 
impossible for an axisymmetrical magnetic field, 
but later work by Sir Edward Bullard and by A. 
Herzenberg has shown that in certain c: ‘cum- 
stances the existence of a self-exciting dyn: mo is 
possible; however, a model that will account or the 
Earth’s dipole field has yet to be worked out 1 full 
detail. 


It has long been known that the direction of the 


Earth’s field at any place is slowly changin;:, and 


you will have noticed this variation of the direction | 


of the magnetic north recorded on the margins of 
maps. Between 1580 and 1820, for instance, this 
direction varied at London, England, from ! 1° E. 


to 24° W. These ‘secular changes’ are found to be | 
regional and by removing the steady mean field it 7 
is seen that the secular variation groups itself into | 
about a dozen regions, the pattern of each region [7 
having a general westward drift at a rate of one F 
Fig. 9.— 


circuit of the Earth in a period of the order of a 


thousand years. This phenomenon has evoked § 


much discussion in recent times, and the theory has 
been put forward by Bullard and others that the 
material of the core is subject to a movement like 
that of a small number of large vortices circulating 
in a general westward direction. 

Superposed on these slow changes are fluctua- 
tions such as the solar daily variation and the lunar 
semi-diurnal variation. In addition there are the 
‘storm-time variations’ attributable to sudden 


irregular changes in the Sun’s activity. Sir Arthur © 


Schuster in 1889 separated the solar daily variations 
into parts that originated inside and outside the 
Earth and applied H. Lamb’s theory to prove that 
the internal part was ascribable to currents of 
electricity induced in the Earth by the external 
part of the field. In 1919 S. Chapman analysed the 
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solar and !unar daily variations in detail and showed 
that thei: internal fields were consistent with a 
conductir z ‘core’ surrounded by non-conducting 
material some 250 km. thick; A. T. Price and S. 
Chapma” extended this work to include the storm- 
time var «ions. Using laws of special types B. N. 


the interior of the Earth. The internal viscosity 
must not be so low as to contradict the observations 
of Earth tides: estimates from the observed uplift 
of Fennoscandia have given a value some 10'* times 
that of pitch, but the facts as a whole appear to be 
widely inconsistent. The passage of longitudinal 
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Fig. 9.—Frequency spectra of ground movement following a large earthquake. 
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The close agreement of the peaks of the 


spectra with the calculated frequencies of the free oscillations (marked S, to S,) is noteworthy (after Benioff, Press 


and Smith). 


Lahiri and A. T. Price found that both the daily 
and the storm time variations require a great in- 
crease of electrical conductivity below 250 km., 
the rapid rise being in the neighbourhood of 700 
km. Chapman has pointed out that longer period 
oscillations, with induced currents penetrating to 
greater depths, should yield more precise informa- 
tion. The better coverage of magnetic stations in 
modern times should add to the precision. It is 
noteworthy that the density distribution, the 
existence of the ‘20° discontinuity’ and magnetic 
observations all point to a change in the properties 
of the Earth at a depth of the order of 400 km. 
There is space only to mention some of the other 
items of information that refer to the properties of 
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elastic waves through the Earth’s core indicates 
that the viscosity of the core is not greater than 108 
C.G.S. units. The discussion of the variation of 
latitude by Jeffreys showed that the amplitude is 
reduced by a factor l/e [= 0-368] in about 15 
years: this damping might conceivably arise from 
tidal friction in seas, from imperfections of elasticity 
in the shell, or from viscosity in the core, but 
Jeffreys has shown that, of these three, only the 
second is likely, and if this is the cause, then the 
damping of seismic waves in the mantle is to be 
attributed to scattering and not to imperfections of 
elasticity. 

To sum up, the dynamical and seismological 
data lead to a consistent and detailed picture of the 
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distribution of elasticity and density within the 
Earth. Other mechanical properties, such as viscos- 
ity and strength, are known only vaguely. Despite 
the large amount of work already done in geo- 
magnetism the information forthcoming is not 
detailed, but links up with seismological data in 
indicating a rapid change of properties at a depth of 
some 500 km. In view of the electric conductivity 
of the mantle, exploration by electromagnetic 
waves is not practicable. One overall check on the 
accuracy of the values of elasticity and density 
must be mentioned in concluding. The knowledge 
of these constants permits calculation of the free 
periods of oscillation of the Earth: there are two 
types, the torsional modes and the dilatational 
modes. The calculation of the periods of the series 
of modes is heavy, but has recently been effected, 
notably by C. L. Pekeris and his co-workers, with 
the help of an electronic computer. Regularly 
periodic forces, like the tidal forces of the Sun and 
Moon, would not be expected to set up these 
vibrations, but they might well be generated by a 
sudden release of energy, as in an explosion or an 
earthquake. Last year a concerted attack was made 
on this problem: the seismograms, including the 
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Chile shocks of May 1960, for periods of 
long as 260 hours following an earthquake 
itself ordinarily subsides within a few hou: 
put through a numerical process which i 
records a frequency spectrum. The result 
research of H. Benioff, F. Press and S. S 
most striking: the free periods of oscillatic 
up as sharp peaks, agreeing closely w 
predictions of Pekeris. At about the san 
L. B. Slichter, J. C. Harrison and N. | 
similarly analysed the records of a speciall 
tive gravity recorder in respect of the sam 
earthquakes; again, a sequence of peaks 
frequency spectrum corresponds to the pr 
values, except that the gravimeter shou 
record the torsional modes—and in fact 

not! An analysis by B. P. Bogert of the long 
records of the great Chile earthquake of \ 
1960, likewise showed clearly these free 
Finally, the analysis by B. A. Bolt of a 
records of earth tides recorded by hor 
pendulums again reveals a long seque 
torsional modes. The close agreement of thes 
beautiful researches completely confirms the 
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CHEMISTRY AND THE SPECTROSCOPE* 


In 1 
Bunsen 
destine< 
infinite! 
myster} 
of the 
behavio 
and wi 
chemist 
paramo 
of new 
structur 


) the spectroscope was invented by 
id Kirchoff. They built an instrument 
o reveal the forms of the cosmos, the 
zreat and infinitely small. By its aid the 
if the expanding universe, the anatomy 
tars and the intimate structure and 
- of the atom are unfolding before us; 
in these limits there is no field of 
in which the spectroscope has not been 
it: the analysis of matter by the discovery 
“lements, the elucidation of molecular 
, the understanding of valency, and the 


) study of the detailed mechanism of chemical re- 
» actions. The spectroscope has become the most 


powerful of all instruments of scientific research. 
Practically all the components were available 


} when Kirchoff came to Heidelberg in 1854—the 
) diffraction grating, the prism and the lens—but the 
} basic idea of using the prism for chemical analysis 
: was due to Bunsen. About one hundred years 


earlier Marggraf had drawn attention to the use of 


» flame colouration for distinguishing soda and 
| potash and possibly with this in mind, Bunsen had 


applied himself, with the use of a prism, to analysis 


> of light emitted from metallic salts heated in the 
| bunsen flame. This light is composed in general 
| of a few monochromatic emissions characteristic 
| ofeach metal and, passed through the prism, gives 
| corresponding coloured images of the flame. 


Bunsen found the best resolution by using narrow 


) flames and it was a short step when Kirschoff 


joined him to use a slit and a lens to present 


| parallel light to the prism, and a telescope to view 


the images of the slit in focus. So was born the first 
* Presidential Address delivered to Section B 


(Chemistry) on August 31, 1961, at the Norwich 
Meeting of the British Association. 
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spectroscope and with this simple device Bunsen 
early pointed the way to spectroscopic analysis by 
discovering rubidium and caesium. Kirchoff at 
the same time was able to establish the principle 
that a metallic vapour can reabsorb its characteristic 
emission and so to account for the dark Fraunhofer 
lines in the spectrum of the sun by the presence of 
certain elements as gases in its atmosphere. Thus 
the spectroscope very soon became of importance 
to the astronomer, with the result that many 
terrestrial elements were shown to be present in 
the sun and stars, and helium was discovered in the 
sun by Lockyer before it was found on earth. 

The use of quartz instead of glass and a 
fluorescent plate detector by Stokes made possible 
the viewing of spectral lines in the ultra-violet as 
far as 1830 A, and this great step forward was 
sealed by the application of photography to the 
permanent recording of spectra. Simultaneously 
the development of the use of the grating by Cornu 
and Rowlands led to the characterisation by 
Angstrém of spectral lines by their absolute 
wavelengths, and yielded those quantitative de- 
velopments of spectroscopy that have made it the 
fundamental rock upon which the philosophy of 
the physicist and astrophysicist is built. 

The extension of the visible spectrum of Newton 
was first made in 1800-1 when Ritter detected 
light beyond the violet by its action in blackening 
silver chloride, and Herschel observed infra-red 
radiation beyond the red by means of a sensitive 
thermometer. Thus when the spectroscope took 
shape the study of the spectrum became possible in 
both directions—by using quartz optics and photo- 
graphic recording for the ultra-violet, and prisms 
of rock salt sylvine or fluorite with concave mirrors 
and radiometric recording for the infra-red. 
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The limit to observation set at 1900 A by 
the opacity of quartz and by the absorption 
of light by the oxygen of the air was overcome 
by the invention by Schumann of the vacuum 
spectrograph which enabled Lyman and others to 
extend observations in the ultra-violet as far as 
500 A. The vacuum spectrograph involves the use 
of fluorite transparencies, a concave grating 
operated in vacuo and gelatin-free photographic 
plates. 

Beyond this region in the domain of X-rays 
the X-ray spectroscope of von Laue and the Braggs 
has made possible the elucidation and measure- 
ment of crystal structure. In the hands of Moseley 
it led to the discovery of atomic numbers and gave 
form and meaning to the periodic classification of 
the elements. 

Thus there has been revealed a vast range of 
frequencies of electromagnetic vibrations of great 
significance to the chemist, and to it has been 
added in recent years the discovery of micro-wave 
spectra and their application to the study of 
molecular structure by nuclear magnetic resonance 
and electron spin resonance. 

I hope I may be forgiven for presenting this 
brief and I fear inadequate historical recapitulation 
with which I know very many of you are familiar. 
I put it forward in order to emphasise a milestone 
in scientific history—the century of the spectro- 
scope. 

This paper is intended to give an account of a 
new and powerful method by which the intimate 
nature of photochemical and thermal reactions can 
be studied and which yields objective information 
about the free radicals and other transient inter- 
mediates taking part. These intermediates generally 
have very short lives, measured in millionths of a 
second ; nevertheless it has been possible to photo- 
graph their characteristic spectra at successive 
intervals of time and so to measure the rates of 
their growth and decay during chemical reaction. 
Sometimes they are produced in a highly energised 
state of thermal vibration, yet ‘cold’ as regards 
their translational and rotational motions, and the 
study of this has thrown light on the propagation 
of chain reactions, and the transfer of energy from 
vibrational to other thermal degrees of freedom. 

The method to which I refer may be called 
‘kinetic spectroscopy’: it involves the use of the 
photochemical technique of flash photolysis, 
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discovered and developed spectroscopically in oy 
Laboratory of Physical Chemistry at Cam oridge, 
as I shall presently describe. First, however, le 
me say a few words about the basic photoc’ emiq 7 
principles with which we are concerned. 4 
The light which stimulates chemical reaction; |” 
extends from the red end of the visible spec ruma 
7000 A to the extreme ultra-violet. In p_actice. i 
with a few exceptions, direct observai on of 14 
reaction kinetics is limited by the transpar ney of | 
quartz to about 1900 A, though photoc! omica | 
effects can be inferred from spectroscopic 0 serv | 
tions in the vacuum ultra-violet as far as 510 A. 7 


Fundamental Photochemical Principles f 

The absorption or emission of light by ato-ns and | 
molecules takes place in terms of ‘quanta’, and to | 
the photochemist the photon takes thc sam | 
importance as the atom did to the chem st one 
hundred and fifty years ago. Photochemistr: is the | 
study of the interaction of photons with ato: 1s and 
molecules. 

The magnitude « of the photon or quan um of |” 
light is related to its colour, i.e. its wavelength; 
and is given by 


It therefore increases as we pass from red to blue | 
into the ultra-violet. 

If every molecule in a gram molecule absorbed: 
photon the total amount of energy absorbed would 
be 


7, 
E = Ne = - (ergs) 
6:06 x x 10-* .3 x al 


E = ca. 45,000 cal. 
E = ca. 65,000 cal. 


For yellow light 
For blue light 
For ultra-violet light 


(3000 A) E = ca. 95,000 cal. 


Chemically speaking these are very large amounts 
of energy. 

When a photon of the spectral range with which 
we are concerned here is absorbed by a molecule, 
+ h=Planck’s constant; c=velocity of light; \--wave- 


length; v=frequency; N=Avogadro’s number; J= 
Joule’s equivalent. 
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only a small proportion gives rise in the first 
instance to heat in the form of vibrational and 
rotational displacements of the molecule, and in 
the case of monatomic substances none of the 
energy ap ears initially as heat, although in both 
cases it » ay be degraded to heat by secondary 
processes 
ton, absorbed by the atom or molecule, 
it a change in the electronic configura- 
effectively produces a new atom or 
f higher energy, changed reactivity and 
teristics. Such an atom or molecule is 
xcited. There are in general more than 
level, and as many excited states and an 
ilecule may thus absorb more than one 
| to give characteristic absorption spectra. 
Thestuc of photochemistry is concerned with the 
physical and chemical consequences resulting 
from the absorption of a photon by an atom or 
moleculc 
The p: otochemist distinguishes three stages in a 
photoch: ical process: 


(1) TI 


molecule 
new cha 
said to b 
one ener; 
atom or 

wavelen; 


process of light absorption: ‘one 
‘ecule, one photon’—leading to the 
cited state. 

(2) The primary reaction: the immediate chem- 
ical change suffered by the excited molecule, 
e.g. dissociation: 

NO, + NO,* -NO+ 0 

(3) The secondary reactions—the subsequent 
‘dark’ reactions of the products of the 
primary process: 

O + NO, = NO + O, 


© Often the energy absorbed in process (1) does not 
F) give rise to reaction; the process may be reversible 
} in which case we get fluorescent emission closely 
related in structure to the absorption spectrum. 
Alternatively, the energy of the excited molecule 
may be degraded to heat by collision and lost. 

| The maximum life period of an excited molecule 
) or atom is 10-°—10-* sec.: whatever is going to 
happen must take place in that interval, otherwise 
the reverse process occurs and the energy is 
rejected as fluorescence. Some molecules when 
excited are so unstable that they break down in the 
course of 10-!8— 10-!° sec. to give atoms or free 
tadicals or simpler molecules by processes known 
a optical dissociation and predissociation, as for 
example : 
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Cl, > Cl + Cl 
S,>S$+S 
CH,COCH, -> .CH, + .COCH, 
CH,COCH,CH,CH, -> CH,COCH, + C,H, 


Such processes, especially in simple molecules, may 
often be recognised spectroscopically by a diffuse- 
ness which overtakes the vibrational or rotational 
structure of the absorption spectrum in the region 
corresponding to the photochemically active wave- 
lengths. 

It may happen also that instead of reacting or 
losing its energy as fluorescence an excited atom 
or molecule may collide with an atom or molecule of 
another species with transference of the bulk of 
the energy from the one to the other by a radiation- 
less process, causing the second to become excited 
and to react. Such a process is known as photo- 
sensitisation; it is well represented by photo- 
sensitive action of mercury vapour in dissociating 
hydrogen, hydrocarbons, etc. 


Hg + hv(2536A) > Hg* 
Hg* + H, = Hg +H+H 


In other cases the photosensitiser may itself 
participate in the reaction as with the photo- 
sensitised decomposition of ozone by chlorine; 
in such cases the ‘sensitiser’ is regenerated intact. 


Cl, + hv = Cl + Cl Primary reaction 
Cl + O, = ClO + O, | Secondary (chain) 
ClO + O, = Cl+0,+0,J reactions 
ClO + ClO = Cl, + O, Sensitiser 
regenerated 


Of the secondary reactions we may distinguish 
two types—those corresponding to overall endo- 
thermic processes in which the energy of reaction 
is provided directly by the photon, and those whose 
overall processes are exothermic, in which the light 
acts, as it were, catalytically, initiating a series of 
self-propagating reactions able to multiply to 
explosion, just as a minute spark can set off a great 
conflagration. The former of these two types is 
exemplified by the photolysis of nitrogen peroxide 
already cited in which the maximum yield cannot 
rise above two molecules of NO, reacted per 
quantum of light absorbed. The latter type 
comprises all those chain reactions initiated by 
light, such as the chlorination of hydrocarbons, or 
the photosynthesis of hydrogen chloride, where the 
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quantum yield may be as high as 10* molecules Flash Photolysis scopic f 
reacting per quantum absorbed, e.g. It was for this reason that in 1946 we dec ided ty Imm circuits 
break new ground by endeavouring to obtain) seconds 
Cl, + hy =Cl+Cl Primary reaction direct spectroscopic evidence for the free adicak referen 
Cl +H, = HCl1+H Secondary (chain) postulated as intermediates in photoc! emicj! describ 
H + Cl, = HCl+ Cl reactions re- reactions. This was made possible by the di coven is basic 
peated n times by Porter and myself? that very large meas ures of) The. 
Cl+Cl=Cl, Chaintermination _ photolysis (sometimes complete) could be a: hievei conden’ 
nH, + nCl, + Avy = 2nHCl Overall reaction by the application of a powerful light fash »/% at abou 
suitable reactants, such as nitrogen Pe “Oxide, | sipating 
The principles of photochemical reaction which _ iodine, or acetone, contained in a quartz vessel, |) produc 
I have just summarised were first conceived some _— These early flashes produced by discharging a bant and 1 | 
fifty years ago through the work of Warburg, of condensers through argon were of 1-7 mill. | takes p! 
Bodenstein, Henri and Weigert and took final seconds duration and dissipated up to 10,00!) energy 
Tt It | where 
betwee! 
Trigger Induction | the she 
electrode. | coil capacity 
Spectroscopic hg while at 
flash. = self-ind 
[ Reaction Vessel. length 
Trigger voltage 
electrode Magnesium Oxide reflector. Spectre - Joules « 
| graph The 
reactior 
with pl 
Pulse Electronic 
yenerator loy. = Photocell | 
Vacuum © nesium 
system © giving t 
Fig. 1. a beam 
means 
shape through the work of others who followed. Joules of energy, and it seemed obvious that if ; content 
Into the whole framework have been fitted in- _ free radicals were produced in the reactions, they ® spectros 
numerable photochemical and thermal reactions must momentarily have been at such very high) B of 100 ] 
whose postulated mechanisms, involving atoms concentrations as to invite efforts to photograph ‘ dischar; 
free radicals or excited species, are entirely their absorption spectra. This was achieved in the apillar 


derived from the circumstantial evidence afforded 
by spectroscopic observations and quantitative 
measurements involving photochemical kinetics, 
and end products. In general, the consistency of 
the mechanisms within the framework is so good as 
to lead to confidence in our conclusions, but the 
absence of any objective proof of the existence of 
the postulated intermediates has constituted a 
permanent challenge to the photochemist, and 
has sometimes given rise to criticism from un- 
believers which weakened his position. 


first instance by Porter? in 1949, who, using a second F 
flash as a photographic source triggered mechanic: | 
ally at short intervals after the first by the method 77 
of Oldenburg, was able to demonstrate the dis- 


» or other 


§ fairly co 
> tion spe 
It is 


sociation of chlorine and to obtain the spectrum | > until a 


of the CS radical by the photolysis of carbon 7 
disulphide. This early success was followed by the F 


development of the technique: shorter photolysis 
flashes of 100 microseconds duration and of 
1000-3000 Joules were devised, and _ shorter 
intervals between the photolysis flash and spectro- 
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scopic flash were achieved by using electronic delay 
circuits cenable of precision timing to a few micro- 
seconds. | hat which follows is a description, with 
reference .0 Fig. 1, of the improved apparatus 
described »y Norrish, Porter and Thrush,* which 
is basical! typical of the method used today. 

The A; »aratus. By the discharge of a bank of 
condense: through an inert gas such as Krypton 
at about 9 cm. pressure, powerful flashes dis- 
sipating sae 1000 to 3000 Joules of energy may be 
producec The silica flash tube is 50 cm. in length 
and 1 cr internal diameter, and the discharge 
between thick tungsten electrodes. The 
ipated is given by 


E = }CV? 


is the capacity and V the potential 
e electrodes. Ideally for a given energy 
st flash is obtained by making the 
low and the voltage as high as possible, 
2 same time reducing to a minimum the 
ance of the system. For a tube 50 cm. in 


energy d 


capacity : 
while at t 
self-indu 


length we generally use a capacity of 40 uF and a 
voltage o 10 kV. giving a flash energy of 2000 
Joules and about 50 psec. duration. 

| The flash is applied to the contents of a quartz 


reaction vessel 50 cm. long and 2 cm. diameter 
with plane end plates, lying parallel and close to 
the flash tube; the whole is surrounded by an 
aluminium tube coated on the inside with mag- 
nesium oxide to act as a reflector. The second lamp 
giving the spectroscopic flash is arranged to throw 
a beam through the length of the reaction vessel by 
means of which the absorption spectrum of the 
contents of the tube is photographed by a Littrow 
spectrograph (Hilger 478). The spectroscopic flash 
of 100 Joules and 10 psec. duration is obtained by 
discharging a 2 uF condenser at 10 kV. through a 
capillary tube about 10 cm. long containing Krypton 
or other inert gas at about 10 cm. pressure. It givesa 
fairly continuous spectrum which allows an absorp- 
tion spectrum to be photographed with one flash. 
It is fortunate that neither lamp is discharged 
until a pilot or trigger current from an induction 
coil is passed, and this makes it possible by means 
of a photocell and a suitable calibrated electronic 
delay circuit to cause the flash from the first lamp 
(the photoflash) to discharge the second (the 
specflash) at suitable controlled intervals varying 
ftom a few microseconds to seconds. Thus it is 
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possible by taking a series of separate spectrum 
photographs at increasing intervals of time to 
observe the growth and decay of any identifiable 
intermediate species in the reaction vessel over 
periods of a few milliseconds, and further by 
means of methods of plate photometry to put these 
observations on a quantitative basis. 

It soon became apparent that the early results of 
flash photolysis in the gaseous systems which I 
have previously exemplified were vitiated by a 
great rise of temperature, which resulted in 
thermal as well as photochemical dissociation. 
This arises from the fact that when the intense 
flash is applied to a suitably absorbing system such 
as chlorine, or nitrogen peroxide, the absorbed 
light energy is rapidly degraded to heat: it may be 
calculated that a reactant at a pressure of 1 mm. 
absorbing one-thousandth of the emitted energy 
will instantaneously reach a temperature measured 
in some thousands of degrees. Only if a relatively 
large excess of inert gas (say 500 mm. pressure) is 
present to act as coolant, or the process is carried 
out in solution, can this temperature rise be kept in 
check, and so limited to a few—say ten degrees in 
the case of a gaseous system. Thus under the 
adiabatic conditions resulting from lack of 
temperature control thermal cracking or explosion 
as well as photolysis may be induced in suitable 
systems and the method of kinetic spectroscopy 
provides a valuable means for the observation 
of the rapid elementary reactions of free radicals or 
atoms occurring in explosive media initiated 
photochemically. 

We thus have a comprehensive method which 
can be applied to ‘instantaneous’ reactions in the 
gas phase both under adiabatic and isothermal 
conditions, and also to reactions in solution. It 
should be emphasised that, since the spectral spread 
of the photolysis flash while fairly continuous is 
limited by the transparency of quartz to 1900 A, 
none of the phenomena of ionisation characteristic 
of the vacuum ultra-violet are involved in the 
reactions studied. 

I shall now endeavour to give briefly some 
typical examples of the various types of reaction 
studied by the method of kinetic spectroscopy. 


Adiabatic Reactions 


To illustrate the thermal effect of the flash when 
no inert gas is added as coolant, we may cite the 
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remarkable case of sulphur dioxide.‘ Plate I (a) 
shows a series of photographs of the absorption 
spectrum of sulphur dioxide at 1 mm. pressure 
taken at increasing intervals after the photoflash. It 
is seen that the characteristic absorption disappears 
completely for 1 millisecond and is then gradually 
regenerated within the course of say 20 milli- 
seconds, the final state being the same as the first. 
There is no appreciable photolysis of SO, which is 
feebly sensitive photochemically only below 2200 
A, and added to this, when an excess of nitrogen is 
present as coolant the effect is completely sup- 
pressed: it is thus truly thermal in origin. It was at 
first suggested that the disappearance of the 
spectrum on flashing as in the case of that of 
chlorine under similar circumstances is to be 
explained by the supposed cooling effect of the 
walls on the strongly heated gas in producing a very 
high radial pressure gradient, so that the central 
core of the reaction tube is almost completely 
devoided of gas. That this is not true is proved by 
the observations of Oldershaw who, by extending 
the observations to shorter wavelengths, showed 
that a new transient band spectrum is generated 
between 2250 and 2400 A immediately after 
flashing, together with a strong continuum below 
2250 A (Plate I (6)). The continuum which 
replaces the SO, spectrum persists until the original 
spectrum is regenerated: it is completely com- 
plementary to it in time. On the other hand, the 
transient band spectrum has been identified 
as that of the free radical SO; it agrees with 
the bands predicted by Martin’s results for the 
known emission bands of SO at longer wave- 
lengths. Its duration is markedly reduced by the 
addition of a little oxygen as would be expected if 
the SO radical were oxidised under these circum- 
stances. None of these effects at short wavelength 
could possibly be observed if the disappearance of 
the SO, spectrum were due to the establishment of 
a pressure gradient as first suggested. 

It may be estimated that on flashing without 
coolant the temperature of the sulphur dioxide is 
raised momentarily to 2500° C. There seems to be 
no other explanation than that some form of 
thermal isomer is generated reversibly at high 
temperature giving the continuous spectrum 
which reverts to that of normal SO, as the gas cools 


SO, = SO,’ 
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It may be suggested that this corresponds <0 son 
form of metastable triplet state or bond ¢ issociy 


tion, e.g. O:S—O, and that the SO re ical iff 
derived from the photolysis or pyrolysis of thi 
isomer rather than the normal SO,molecu :. 
These observations, depicted in Plate I ‘a) ani” 
(6), are important to the understanding of tel 
reactions of sulphur dioxide at high temp -raturs| 
as well as the characterisation of the spec rum ¢) 
the SO radical, which we have also obtaine . by th 
flash photolysis of sulphur trioxide unc er is.) 
thermal conditions. 


Explosive Processes 


The importance of flash photolysis to tl e chu i 


processes of combustion lies in the fact th: ¢ it 

be used as a means of administering 2 qua 
adiabatic shock to the potentially reactant systen' 7 
as well as a source of the free radicals o atom: : 
essential to the initiation of the reaction chain 
With systems showing strong absorption 
formaldehyde’ or hydrogen sulphide® and 
for example, either slow combustion or e: plosio)7 
can be induced according to the strength of th!7 
photolysis flash, and after an induction period 7 
usually a few hundred microseconds, free radical 
such as OH and HCO in the case of formaldehyde, 
and HS, OH and SO in the case of hydroge 
sulphide, become apparent. By studying ihe ris 
and decay of these radicals against time unde 
conditions of varying temperature and _partid 
pressures of reactants, or added inert gases, muc 
may be learned about the mechanism of the slor 
and explosive processes of these reactions which, 
when combined with classical kinetic studies, mak 
possible a more complete and more definite pictur 
of the processes than was possible before. 

For systems composed of hydrogen, carbo 
monoxide or hydrocarbons and oxygen, howeve, 
which do not absorb the radiation of the photolyss 
flash there is no response since neither primay 
photolysis nor temperature rise can be induced, 
in such cases a photosensitiser is essentid 
Nitrogen peroxide absorbs strongly throughout tlt 
visible and ultra-violet and is photolysed by light! 
of wavelength less than 4100 A according to th 
equation 


NO, + Av = NO+0 
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PLATE Ila—0-0 band of OH obtained by flashing a mixture of 2 mm. NO, and H,. 
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PLATE Ilb—Variation of intensity of OH absorption spectrum during explosion, as shown 
by 1-0 and 2-0 bands. P[H,]=10 mm. P[O,]=5 mm. P[NO,]=0-75 mm. 
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@ Absorption spectrum of CH: 22 +— system. (d) Absorption spectrum of C,: ‘Mulliken Bands’. 
(b) Absorption spectrum of NH: */7—*Z system. (e) Absorption spectrum of CN: 22—*2'1-0 progression. 
() Absorption spectrum of C,: ‘Swan Bands’. (f) Absorption spectrum of CN: *2—?2 0-0 progression. 
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PLATE IV—Antiknock effect of tetra-ethy! lead. 
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PLATE V—Schumann range absorption of vibrationally excited oxygen produced during 
the isothermal flash photolysis of ozone. 
O, pressure = 20 mm. Hg; O,/N, ratio = 1/40. 
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Pressure of NO = 5 mm. Hg; pressure of Ny = 600 mm, Hg. Flash energy = 1600 Joules. 
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PLATE Villa—The decay of the triplet state of anthracene produced at the expense of the normal 
(singlet) state by flash photolysis (Porter). 
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PLATE VIIlb—Flash photolysis of 1-0 N KBr in water showing spectrum of transient Brg. 
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it is therefore an ideal substance, not only as an 
absorbent of radiation to give rise of temperature, 
but also 2s a source of oxygen atoms capable 
of acting as chain initiators. Added in small 
quantitie’ to mixtures of hydrogen, or hydro- 
carbons °1d oxygen, it acts as a most efficient 
sensitiser {n addition for similar reasons we have 
found th - alkyl nitrites make excellent photo- 
sensitiser “or hydrocarbon combustion. 

In Pla: II (a) is shown part of the absorption 
spectrum {the OH radical produced by flashing a 
mixturec 2mm.H, + 2mm. NO,,a result which 
constitut’ proof of the elementary reaction 


0+ H,=OH+H 
In Fig 2 the decay of the OH radical spectrum 


is plotte as a function of time, the decay being 
more rap | the greater the excess of hydrogen over 


15 20 


time (ms) 


OH intensity against time: effect of P(H,); P(NO,) = 2 mm. 


All figures against curves show pressures in mm. 


Fig. 2. 


© the equi-molecular stoicheiometric mixture of 
H, + NO,. This may be taken as evidence of the 
elementary reaction :? 


H, + OH = H,O+H 


Finally, it is found that the rate of decay of OH 
when there is no excess of H, to remove it is 
greatly reduced by adding increasing amounts of 
inert gas (N,) showing how its removal by diffusion 
to the wall of the reaction vessel is hindered by 
increase of pressure. Thus three elementary 
reactions previously deduced from the kinetics of 
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the hydrogen oxygen reaction are objectively 
demonstrated. 

In Plate II (6) is shown a record of an explosion 
of 2H, + O, sensitised by NO, in which the 
explosion as demonstrated by the growth and 
decay of OH can be clearly followed in both the 
1-0 and 2-0 bands. Although the photograph was 
taken in the early days with a relatively long flash, 
an induction period of about 0-8 millisecond is 
evident, while the disappearance of the radical takes 
about 7 milliseconds.’ 

An essential feature of flash photolysis as a 
means of studying combustion is that by its means 
it is possible to generate approximately homo- 
geneous explosions, so that if the reaction tube is 
$m. long, we virtually have a flame front which is 
} m. thick and free radicals with suitable absorp- 
tion spectra readily become visible spectroscopic- 
ally. 

It therefore happens that in the method of 
kinetic spectroscopy we have a unique method for 
observing some of the reactions in the flame and 
pre-flame stages of combustion which would not 
otherwise be visible. I shall limit myself to referring 
to some of our earlier work based mainly on 
experiments with acetylene.* The further develop- 
ment of this line of investigation involving the 
hydrocarbons of petroleum and the effect of 
additives on their mechanism of combustion has 
proved most fruitful.* 

Plate III shows some of the radical spectra 
observed in absorption in the explosive combustion 
of acetylene, ethylene, methane and ethane; most 
prominent among these in addition to the OH 
radical are the CN bands (derived from the NO,) 
the CH, C, and NH bands. In addition the C, 
radical was detected for the first time in absorption 
being identified by the ‘4050 A bands’ previously 
known in cometary emission. In Figs. 3 and 4 are 
depicted curves showing the waxing and waning of 
the free radicals mentioned above in the explosive 
combustion of acetylene, as measured on an 
arbitrary scale by plate photometry using the two- 
path method. The appearance of these radicals is 
greatly dependent on the composition of the 
explosive mixture, being apparently conditioned 
by the stoicheiometric equation of Bone!” 


C,H, + O, = 2CO + H, 


according to which, if the fuel be in excess of the 
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1:1 ratio with oxygen, free carbon is formed as 
smoke, while if the mixture be oxygen rich, steam 
is formed. Our results strongly support Bone’s 
results as is shown by plotting the maxima of the 
free radical curves against mixture composition 
(Fig. 5). Counting nitrogen peroxide as oxygen for 
the purpose of combustion, it is seen that the OH 
radical is predominant in oxygen-rich systems while 
the carbon radicals appear in the fuel rich mixtures, 
and the switch takes place sharply at the fuel: 
oxygen ratio of 1:1. At this point the only radicals 
visible are OH, CN and NH, the latter being 
confined to a very narrow range of composition, 
and probably arising from the reaction 


OH + CN = CO + NH 


On examining Fig. 3 it is seen that the hydro- 
carbon radicals all arise after an apparent induction 
period of about 0-5 millisecond. The OH radical 
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under these conditions is barely visible but in g 
cases is seen slightly before the other radic als, If; 
tracer compound such as benzene be adde | to th! 
mixture, its spectrum completely dis pean) 
before the end of the induction period and urthe, 
the bands of nitric oxide visible imm :diatey 
before the end of the induction period a high! flame | 
rotational temperature of over 2000° C. They) lead 
observations lead us to the conclusion thé at th! ¥sociatic 
instant when the carbon radicals are rele< sed th ; 
explosion is over—that we are in fact wit 1essing/” 
the after cracking of excess acetylene in the heat |) ree R 
the flame. The induction period unde ibtedy) Ina 
marks the exponential development of pi :-flam | Jwhich 
proces: 
Mispectra 
120 F i be ma 
h 
Mhydrog 
| 
NH 
(ma) 
nd its 
Mvhile t 
Ureadily 
e CH 
reactions, with temperature rising very strongly a) Photog 
the end, and the OH radical—the only inter) vacuum 
mediate species visible—appearing immediately! Provide 
before the explosion. In oxygen-rich mixtures) S°P!st 
typified by Fig. 4, the explosion is marked by the) “mat 
peak of the CN radical while the peak of OH} molecu 
absorption appears later as a result of the afte) The 
burning of the hydrogen. Here again the OH} ™es 
radical is visible during the induction period) Produc 
showing that it is involved in the pre-flam) 
reactions. Pdescrib 
The effect of additives to explosive combustion}: 
is illustrated in Plate IV which illustrates th} The 
photochemical ignition of heptane with and without} 2 ¢ 
the addition of lead tetraethyl.? The incubation and Fo 
period of the reaction is finalised in both cases by) “V°ure 
the appearance of the OH radical spectrum, # -— 
Advancement of Science November 19! ¢ Advancem 


which 
comple 
is incr 
with t 
absorp 
effect 


Concentration maxima 
© 


P(O,) = 10 mm, P(NO,) = 1-5 mm. 


Fig. 5. 


° 
60 
40 
CN 
cw 
oH 
60 
40 
0-5 10 15 20 


CHEMISTRY AND THE SPECTROSCOPE 359 


which point the stoicheiometric combustion is 
; and the fact that the incubation period 

' more than two-fold by the additive, 
ypearance of the lead oxide bands in 

has suggested that the anti-knock 

|-ad tetraethyl is exercised in the pre- 

i and is associated with the production 

le in the gaseous phase, and its dis- 

gaseous lead at the instant of ignition. 


is and Isothermal Gas Reactions 


n to the free radicals referred to above, 

been produced in explosive processes, 

-s derived from primary photochemical 

ive been identified by their absorption 

1 er isothermal conditions. Mention may 

* the HCO radical" produced by the 

of aldehydes, the HS and HS, radicals 

gen sulphide,!? the radical from 

zide, the NH," and NH" radicals from 

ad the PH,,!** PH and PO !*° radicals 

phine. One of the most extensively 

‘ auicals the ClO radical is obtained by the 

photolysis of chlorine dioxide’’ or chlorine mon- 

oxide!® as well as by the photochemical reaction 

etween chlorine and oxygen!® or ozone.” Its 

transient spectrum which lasts only a few milli- 

seconds has been analysed by Porter and Wright 

and its dissociation energy accurately determined, 

hile the bimolecular decay to Cl, and O, can be 

readily followed. Recently Herzberg has isolated 

the CH, and CH, radicals" by flash photolysis and 

photographed their absorption spectra in the 

acuum ultra-violet. Flash photolysis indeed 

provides a happy hunting ground for the spectro- 

Scopist and theoretical chemist interested in the 

timate detail of structure and energy levels of 
molecules and free radicals. 

The method of kinetic spectroscopy not only 
makes possible the identification of free radicals 
produced by photolysis but also gives information 
about their stability and reactivity. I will briefly 
describe the flash photolysis of ozone to illustrate 


The photolysis of ozone in the ultra-violet has 
been characterised as a chain reaction by Heidt 
and Forbes, the quantum yield reaching 7 under 
lavourable conditions.” This was explained by the 
Scheme proposed by Beretta and Schumacher” 
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involving excited oxygen molecules, the essential 
features of which are 


O, + Av2=O,+ 0 
O + O, = O, + O,* 
O,* + O, = 20, + O 
O + wall = 30, 


Owing to the simplicity of the reaction we are 
limited to a scheme of this kind, but the nature of 
the excited oxygen molecule was not clear, though 
it was generally considered to be an unidentified 
excited electronic state. 

By the flash photolysis of pure ozone in the 
presence of excess inert gas, we were however able 
to detect the spectrum of vibrationally excited 
oxygen in absorption (Plate V).** This spectrum 
consisted of an extension towards longer wave- 
lengths of the spectrum of normal oxygen known 
previously only in the vacuum ultra-violet (the 
Schumann Runge bands) and indicated that the 
oxygen molecule is highly vibrationally excited, 
but otherwise ‘cold’ as regards rotation and trans- 
lation. Moreover, up to 17 quanta were detected in 
the vibration, corresponding to more than half the 
thermal energy of the reactiont 


O + O, = O, + O, 


This remarkable fact brought to light a new 
generalisation which we were able to establish, 
namely that with reactions of the type 


A + BCD = AB + CD 


a large fraction of the energy of reaction appears 
unequilibrated as energy of vibration in the newly 
formed bond AB—a circumstance of great 
importance to the understanding of the mechanism 
of chain reactions. In the case cited above, 
molecules of 18, 19, 20, etc., quanta of vibration 
are conspicuously scarce or completely absent; 
these are the molecules with just enough energy to 
bring about the endothermic reaction 


O,* + O, = 20, + O 


and so to propagate the chain. They are immediately 
removed by this reaction. On the other hand, 
oxygen molecules with 17 quanta or less are not 


+ The oxygen atom derived from the ultra-violet photo- 
lysis of ozone has been proved to be in the first excited 
electronic state (1D).?*?> The argument unfortunately 
cannot be reproduced here. 
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sufficiently energised. They have a life long 
enough to be seen in absorption, and their decay 
with time can be observed. 

Plate VI shows the decay of similarly excited 
oxygen molecules produced by the flash photolysis 
of ClO, and derived from the reactions 


ClO, + hy = ClO + O 
ClO, + O = ClO + 0,* 
2Cl0 = Cl, + O, 


a process closely analogous to the ozone reaction. 

Here again we have an example of the generalisa- 
tion cited above. Many others have come to light, 
of which we may mention the following :*° 


H + O, = OH* + O, 
Cl + O, = ClO* + O, 
Br + O, = BrO* + O, 
O + H, = OH* + H 
O + H,O = OH* + OH 
O + CH, = OH* + CH, 
O + HCl = OH* + Cl 
O + NH, = OH* + NH, 


In all cases but the first, which was discovered by 
McKinley, Garvin and Boudart by an alternative 
method, we have observed the vibrationally 
excited product spectroscopically.t Always it is 
the molecule containing the newly formed bond 
which is stimulated vibrationally, taking prefer- 
entially a large part of the exothermic energy of the 
reaction. 


Energy Transfer 

In the cases cited above the vibrationally 
excited molecule is produced by chemical reaction. 
In addition we have been able to populate the 
vibrationally excited levels of the electronic 
ground state of nitric oxide without reaction.”® 
This depends on excitation to an upper electronic 
state followed by fluorescence as shown in the 
diagram (Fig. 6). In Plate VII (a) is shown the 
decay of the vibrating NO molecule produced in 
this way. It is possible to put the measurements on 
a completely quantitative basis and to determine 
the absolute efficiencies of collisions with various 
other molecules in removing energy from the 
vibrational to the other degrees of freedom. This 
t+ The oxygen atoms cited in the equations listed are 


derived from the photolysis of ozone, and are in the 
1D electronic state.*°*> 
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mecha 
process is known as relaxation, and its meas iremen) }by wh: 
has not before been possible because we \ere no} ¥is not | 
previously able to provide a finite conce :tratia) }combu 
of molecules exclusively stimulated on) §hydrog 
vibrational degree of freedom. An 
understanding of the mechanism of collision) #field fo 
deactivation of this kind is of great imporiance 
the theory of reaction kinetics in general. 
Recently Callear has succeeded in populatin 
the *P,, state of the mercury atom by flash irradie 
tion,”’ and to obtain its absorption spectrum. Th 
rate of decay of the spectrum, of which one lines 
shown in Plate VII (6), can be measured phowyy 
metrically, and the relative efficiencics of collidin) } oxygen 
molecules in degrading the electronic energy of thi} } ozone 
metastable triplet state determined. Observation} }produc 
of this kind will be of great importance to th) }which 


understanding of the mechanism of photosensitisef ength 
reactions to which I have already referred. B destroy 

iconcen 
Reactions in Solution formed 


Many reactions in solution may be studied bp )20t for 
flash photolysis. In all such cases the systelf be dest 
remains strictly isothermal. We may mention if )¢xclud 
particular the important investigations by Ports} }0zone : 
and his colleagues of the triplet or diradical stat} xygen 
of aromatic hydrocarbons and dyestuffs.2° The} Schum 
metastable states may be readily populated lj ithe qué 
flash irradiation, and are highly reactive. lippspectru 
particular, their study is very relevant to the fadinf) Spectro 
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CHEMISTRY AND THE SPECTROSCOPE 


v light, and to many photochemical 
t complex molecules dependent on the 


generation of diradicals, such as the 
polymerisation.”* In Plate VIII (a) the 
ind decay of the triplet state of anth- 
h is typical of many similar aromatic 
1s, is Shown. 
{I (6) is typical of the remarkable 
sectra observed on flashing alkali 
entified as due to the intermediate X; 
in the electron transfer processes 
ie X; ion. This reaction is typical of a 
f electron transfer reactions in solution 
wailable for study by kinetic spectro- 


i: ple reactions which we have discussed 
pical of many others. We have already 
hey can give information about the 

ist: of combustion, and so suggest means 
hese processes can be controlled. This 
true of hydrocarbons. It applies to the 

ioa for example of ammonia, hydrazine, 
sulphide and aldehydes with oxygen or 
xygen, and there is a wide and inviting 

field for the study of additives. 

The very short ultra-violet rays of the sun which 
do not penetrate our atmosphere, bring about 
reactions in the upper atmosphere involving atoms 
and free radicals of the utmost importance to the 
geochemist, and much information can be obtained 
about these in the laboratory by the methods I have 
described. Thirty kilometers above the earth, 
oxygen is dissociated into atoms, and these form 
ozone by reacting with oxygen molecules. This 
produces a blanket of ozone round the earth, 
which absorbs the radiation of the sun of wave- 
length less than 2500 A and as we have seen is 
destroyed in the process. Thus there is a stationary 


Hconcentration of ozone produced which is being 


formed and destroyed at equal rates, and were it 
not for this protective canopy all life on earth would 
be destroyed by the short-wave radiation which it 
excludes. We have seen that the photolysis of 
ozone involves the generation of highly vibrating 
oxygen molecules showing an extension of the 
Schumann spectrum of oxygen into the region of 
the quartz ultra-violet, nearly as far as the visible 
spectrum (see Plate VI). One might predict that 
spectroscopic observation of the light reflected 
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from the moon at sundown, would under favourable 
conditions of observation show evidence of the 
same spectral bands. The reaction of 'D oxygen 
atoms derived from the photolysis of ozone may 
also in part be responsible for the emission of the 
night sky. For example, Meinel has observed the 
vibration rotation spectrum of OH, the lower 
levels of which may in part be due to the reaction 


O('D) + H,O = OH + OH* 


The photolysis of water, ammonia and methane 
which are also present in the upper atmosphere 
should produce H atoms and free radicals of which 
the former can react with ozone to give highly 
excited OH radicals 


H + O, = OH* + O, 


All these reactions are of the highest meteorological 
importance and are in principle studied by flash 
photolysis. 

It is now believed that our primitive atmosphere 
was reducing, composed mainly of hydrogen, 
together with methane, hydrogen sulphide, water, 
carbon monoxide and ammonia, similar to the 
atmospheres of the major planets as we see them 
today. If the solar system had a uniform origin 
there must have been influences which changed 
our atmosphere and that of Mars from reducing to 
oxidising. The first is the progressive loss of hydro- 
gen from our relatively weak gravitational field. 
The second is the photolysis of water and the other 
compounds, leading to the formation of formalde- 
hyde and oxides of sulphur, phosphorus and 
nitrogen, which on interaction, according to the 
fascinating views of Urey*! and Oparin,*” deposited 
the primordial organic scum on the earth and 
provided the necessary medium for the evolution 
of life. Many of the reactions involved in this 
brief survey can be studied by flash photolysis. 
Others such as the photolysis of water, methane 
and other hydrocarbons lie outside its scope, and 
provide a challenge to extend this powerful 
method to those shorter wavelengths of the ultra- 
violet which at present escape us. 
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HE SENSES AND THE SCIENCES* 


ir BRYAN MATTHEWS, C.B.E., F.R.S. The Physiological Laboratory, Cambridge 


10 studies the history and development 

an fail to be struck by the continual 

the practical arts, crafts and tech- 

d the theories and development of 

| »ut the world of which we are ourselves 

hich we have now abrogated the word 

is interplay is now more than ever to 

actical men today appreciate the value 

ific basis of their technologies, and this 

J the rapid development of these which 

:ywhere. Many examples spring to mind 

pf new te-hnologies born of the human brain’s 

powers oi invention when guided by scientific 

Method, aud its ability to guide natural forces 

whether of the wind, the atom or the electron, by 

earning tiie crafts of technology. Faraday’s little 

ynamo that prompted the remark of the lady of 

what use is it Mr. Faraday?’ and his reply, 

‘Madam, of what use is a baby ?’ shows a vision 

bf the possibilities of electric power, but even he 

would have been, perhaps, astounded at the 

olution of human life it would soon produce 
nd is still producing. 

If we follow the steps of our ancestors in science 
we see a continual struggle to overcome the 
imitations of unaided human senses, for instance 
in the invention of the telescope and microscope 
dextend the powers of the eye, or the electroscope 
bt compass to detect components of the environ- 
ment that do not affect the senses directly. But 
hore important still are the instruments, meters, 
by which number is assigned to phenomena, and a 
uantitative abstraction of the phenomena re- 
ined, recorded and communicated to others. 


* Presidential Address delivered to Section I (Physi- 
logy and Biochemistry) on September 1, 1961, at the 
orwich Meeting of the British Association. 
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Nowadays scientific instruments are often very 
complex and often used in tandem—one reading 
another. Moreover, two sets of instruments must 
be used in experiments; an interfering instrument 
to produce a change, and an observing instrument 
to record what results. Observational sciences such 
as astronomy could not have developed without a 
foundation of experimental science. Each instru- 
ment has its limitations; its laws must be under- 
stood for it to be used successfully. It would be 
silly to try to take the temperature with a barometer 
—though instruments to measure temperature or 
pressure may both have glass tubes filled with 
mercury. 

Every instrument is constructed on the know- 
ledge gained from some simpler instrument. If we 
follow the chain backwards through simpler 
instruments, it is difficult to find a beginning but it 
is there, though far back in history. A savage may 
employ a stick to test the depth of a stream before 
crossing it. This is a simple instrument used to 
predict whether the depth will bring the water to 
his knees or head. If we cut notches on the stick, 
and perhaps require the man holding it to pass an 
examination, it becomes a respectable scientific 
instrument, and converts the stick from a deptho- 
scope to a depthmeter. We could forgive the savage 
if he regarded the notches as powerful magic 
signs; but the magic is powerful, for the notches 
provide a means by which the answer can be 
rapidly and concisely communicated to other 
human beings to guide their own future behaviour. 
We could trace the use of instruments still 
further back in animals that make use of objects 
as tools. 

Many simple measuring instruments, the 
measuring rod, or the measure pressed down and 
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overflowing go back to where the record is lost in 
the mists of time. One could describe Stonehenge 
as an early scientific instrument which indicated 
the occurrence of summer and winter solstice, and 
provided the practical arts of agriculture with 
guidance in the seasons and the time of planting, 
sowing and harvesting. It is clear that we must 
accept the remote and simple ancestry of scientific 
instruments. Their purpose is to extend the senses, 
and get over some of the errors of the unaided 
nervous system, and to code information for the 
use of other individuals. 

The sensitivity of sense organs at any moment 
depends on what stimuli have acted on them 
recently and the only reliable quantitative answer 
man can give is, ‘I cannot tell the difference 
between these’; the alternative, ‘they differ in 
such a particular’, can tell us nothing quantitative. 
All instruments have to reduce phenomena to a 
form in which they can be presented to an observer 
for this judgement—preferably a pointer in co- 
incidence with a scale mark; alternatively counting 
of discrete and distinguishable events or objects 
to give numerical results. 

Formal science in its full elaboration has not 
escaped from its simple basis in human nervous 
systems, though the consequences of this are often 
neglected. 

Our senses provide us not with ‘meters’ but 
with ‘scopes’. To say that one body feels twice as 
hot as another is meaningless except when we can 
learn to correlate subjective impressions with 
readings of external instruments. Our senses 
can often be led astray in many well-known 
illusions. 

That our senses do not give information that 
we can easily communicate to each other by signs 
or symbols in a quantitative form does not mean 
that they are not capable of giving highly accurate 
information to the brain, and it may even be 
communicated to others in codings other than 
numerical hieroglyphs. The dance of the bees’ 
that communicates direction and distance of a 
nectar source to other bees should make us 
cautious of underestimating primitive quantitative 
communication, and such methods transfer a neural 
relationship that could be called knowledge from 
one individual nervous system to another. 

We have only to consider simple skills to realise 
that quantitatively accurate information is derived 
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from the senses and used to guide action, 
example, to throw assorted stones to hii a tami reco 
requires not only accurate information c relat Wecord 
positions, but also the assessment of the mass Mormal 
the stone to produce an accurately c ontrolkByhich 
sequence of muscular movements. As_ ve len) Syumbe 
more of the events in the nervous syster : that i he ne 
behind the accurate control of action, it is - lear tly discove 


the nervous system is able to abstract inf »rmatig) Miterati 
from its senses in a quantitative form anc use twits sigr 
initiate accurately controlled movement . If §jjystra 
built a machine to throw assorted stone: to 
target, we should have to give it a mecha: i Mthe mo 
was based on our formal knowledge of © ‘ewtot\) re ign 
Laws to do so. Can we then say that the : Meo the 
neural mechanisms have abstracted Newt weresult 
in some private form for guidance of . ction i ufficie: 
that nervous system—I think we must ac-ept tii) Jaws of 
implication—this abstraction cannot ho: ever a gnoran 
easily communicated but is locked in the }ecord 
system in some form not so readily pass:d }iteratic 
others. Mhese re 
We must, thus, distinguish two forms o: analy) She mad 
of the environment performed by brains o1 nervou} Yo be se 
systems. One a guide for private action and tht ituatio 
basis of skill which one may call Neural Scien} Form 
and the other formal science which we ca: readi Shut has 
communicate by signs, symbols and expcrimenpn the | 
or demonstrations; this vast body of analysis wihe ner 
share with each other and our predecessors, aijijattachec 
pass on to our successors. Through forma! scieny The 
the individual has access to a condensed produ §enses i; 
from millions of experiments and thousands of at world h 
brains. many in 
The essence of experiment is to alter things af Phe ner 
see what happens. This is true both for the privaj produce 
discoveries of neural science, and the discover #he mo: 
of the relations of cause and effect which lead #jknow, | 
formal science. In forming a new hypothesis, ' i produce 
must suppose data are placed in a new relations @abour. 
by the brain, and this neural linking is then test} To tu 
in experiment. If the predicted result follows, ti §tudy of 
hypothesis is then tested in other relations; S™putline « 
however, the prediction fails the hypothesis ##he nerv 
wrong and the neural relation has not been cod} The 
to represent the relation in the externa! worl} §tructur 
Thus, from the relation between a deliber thers f 
alteration and a succeeding observation, the «phe ton; 
vironment is found to be orderly in many partiopjmechani 
lars. There are two essential conditions for Rar prox 
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Ciion, Felllesult of the alteration to be useful in prediction. which we analyse as sounds, or photochemical 


it @ tar record of the alteration must be kept and a changes in the retina of the eye which give the 
©. relatiiecord of <he result made for comparison. In sense of sight: these and others all send informa- 
he mass diformal scic 1ce these records are of many kinds tion to the brain by way of nerve fibres. In man, 
C ontroliiiiliwhich can. n part, be reduced to hieroglyphs or — between two and three million nerve fibres are 


; ve lemilinumbers. 1 neural science the record is kept in _— responsible for transmitting the information from 
er. that he nervov: system, and we are still groping to the various sense organs to the spinal cord and 
S learthiMdiscover t' . form of this record. If the prior brain. As our President this year, Sir Wilfrid Le 
nf \rmatigomalteration « action is not recorded, the result loses Gros Clark, has often emphasised in his writings, 
1C use ites signific. ace and prediction fails. This is well the sense organs of man resemble those of animals 
nt. If wia§ilustrated 1 tossing a penny by hand when we _ very closely. Man possesses no great superiority in 
e: to hit@re unable » keep a sufficiently accurate record of his sense organs; some animals possess sense 
‘ai ism tithe motor -t imparting spin to the coin and so we organs specialised in some particular direction so 
E ) ‘ewtoniiilare ignora: of how many rotations will occur,and —_ that they may be superior to our own, the eye of a 
€ i 1rowenliio the res: ‘¢ cannot be forecast or directed. The hawk or the nose of a dog could be cited. But 
Nt:n’s laniiesult can, 10wever, be made certain if we use a where man excels is in the central mechanisms for 
f . ction tiibufficientl; accurate penny tossing machine. The analysing and correlating the messages he receives 
accept thaws of c ance are in fact the laws of human from his senses. 
0° “ever bijenorance, ind prediction depends on retaining a The essential action of a nerve fibre is to conduct 
he nervowmecord of ow a situation stands and of what a change of state at one end along the fibre to 
ss2d on WMlteration . applied to it. The greater the detail of | another part. The wave of physico-chemical 
ese reco: is the more precisely can the prediction | change which propagates along the nerve fibre is 
©: analybe made. Statistical methods enable our ignorance called the nerve impulse and is accompanied by 
Or nervowsmo be segrezated from our knowledge ina complex __ small electrical changes which spread ahead of the 
yn and thi ituation. nerve impulse to activate the regions towards which 
al Scien Formal science has arisen out of neural science it then travels. The nature of nerve conduction has 
cain readig@but has not escaped all the peculiarities impressed __ been clarified in its physical details during the last 
xpcrimen@mpn the latter by the properties of the senses and of __ fifty years especially by work in Cambridge by 
inalysis Wahe nervous systems or brains to which they are Keith Lucas!® and by Adrian,' and more recently 
eSSors, alimattached. by Hodgkin and Huxley.’” 
mal scien The development of instruments to aid the In large mammalian nerve fibres of 16-18 
ed produiienses in analysis of the phenomena of the physical § microns in diameter, conduction is at about 120 
nds of ablg@world has in the last 100 years gone full circle and metres a second, but in smaller fibres activity 
@many instruments have been turned back to analyse travels more slowly and in fibres of one micron in 
things aig@he nervous systems of man and animals; this has diameter or less may be no more than 0-5 metres 
the privag@produced a great increase in knowledge of these, _ per second. Fibres of different sizes serve various 
discoversa@he most highly organised physical systems we functions in the nervous system. The activity in 
ich lead §jKnow, which incidentally are continually being the nerve fibre consists of a brief self-terminating 
othesis, Wuproduced in enormous numbers by quite unskilled —_ activity which leaves the fibre unable to conduct 
elationshij@abour. again for one or two milliseconds. The intensity of 
then test To turn to examination of what this instrumental the impulse in any fibre is normally a fixed 


ollows, t@tudy of the nervous system yields, I propose to | quantity however the impulse is initiated. As a 
lations; #@putline our present views of the sensory actions of _ signalling channel the fibre can be compared to a 
pothesis ##he nervous system. telegraph line carrying morse dots only up to some 
been The organs of sense are highly specialised  500persecond. Informationcan only be transmitted 


nal wotl@@tructures, some for touch at the skin surface, in this form, but unlike the telegraph line the nerve 

delibertpthers for chemical changes from substances on _fibre is a trigger device which provides its own 
mm, the egghe tongue, which man interprets as taste, or electrical energy for propagation all along the line, 
ny partioggmechanical displacement of structures in the inner the impulse does not become weaker as it travels. 
ms for Ogpar produced by rapidly changing air pressure Moreover, it is a living cell of great length, it is 
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self repairing if damaged, and derives its energy 
from materials in the blood. Each peripheral nerve 
fibre behaves as a separate conductor practically 
independent of its neighbours. 

Thus to our present knowledge, all information 
is conveyed to brains as trains of nerve impulses, 
which do not differ fundamentally in nature if they 
come from the eye, the ear or the skin, but arrive 
by separate channels with nerve fibres often 
grouped together as in the optic, auditory or 
spinal nerves. 

The sensory nerve endings terminate in a 
variety of ways in sense organs, where specialised 
structures protect them from some of the physical 
and chemical events around them and raise their 
sensitivity to others. Thus the nerve endings of the 
retina within the eye are protected from mechanical 
disturbances but sensitised to light entering the 
eye by photochemical substances produced by 
specialised cells. They are, however, sensitive to 
mechanical disturbances as when the eyeball is 
pressed or struck when impulses reach the brain 
to be mistaken for those produced by light. 
Similar mistaken appreciations can occur from 
most sense organs. The exclusion of stimuli other 
than those to which the organ is specialised is 
not complete. 

The analysis of the action of sense organs has 
been greatly extended by the advent of valve 
amplifiers which came into use in physiology about 
1920. This has enabled the very small release of 
electrical energy by single nerve fibres to be used 
to indicate the presence of nerve impulses and so 
nerve messages can be tapped and recorded. Until 
1930 the technical difficulties made progress slow, 
but the great development in electrical technique 
since then has made these techniques much easier 
to use and electronic amplifiers are as familiar as 
microscopes in many laboratories in which work 
on nerves is undertaken. 

It has become clear that what we call electronic 
techniques have been anticipated by millions of 
years in nerve structures but the units concerned, 
nerve cells and fibres, make a transistorised 
calculator look a very crude instrument. The 
linking of studies of real and artificial brains aids 
our understanding of both and is a field of co- 
operation of a number of disciplines in many 
laboratories; it seems probable that discovery 
of the means by which nerve cells perform 
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elaborate control functions so compactly an 


elegantly may well help to guide future ‘venti [ 


in electronics. 


When a sense organ is stimulated by ¢ 1 appr. | 


priate physical or chemical change such a: 
or a chemical irritant, the nerve impulses : 
in the sensory nerves can be recorded as 

changes which indicate the nature of th 
going on. In the last thirty-five years m: 
niques have been developed for follo: 
activity in single nerve fibres in animal exp 
In many sense organs it is found that a 

series of impulses is set up in each unit 
repetition rate in the fibre is related to the 
of stimulation. In the sense organ, at t 
termination, it is found that the initiatio ; of in- 
pulses is preceded by a local change ‘hich 
accompanied by an electrical depolarisat on pr- 
duced at the end of the fibre which is kn. wn as; 
generator potential.* 1" In all sense orga:is so far 
studied, it appears that the stimulus e iergy i 
transferred to trigger nerve fibres via an : lectrici 
process ; it must, however, be borne in mir thatin 
aqueous media movement of ions has an « lectricd 
counterpart, but ions also have a chemic:i natur 
which may often be as important as tie nor 
specific electrical charge. The sensory nerve 
terminations are thus a source of messages to th 
nervous system which may produce visibie refler 
effects, and in man result in conscious sensation 
Impulses also produce effects in the centr 
nervous system that are detected with more difi- 


dTessure 
avelling 
lectrical 
activity 
Ly tech- 
ing the 
‘iment, 


rythmic 


atensity 
nerve 


culty, but alter the reactions to later messages. |F 


do not wish here to use the word memory for thes 
short-lasting effects that can be followed i 
animals in some detail. 

Large nerve fibres conduct rapidly, and wher 
they occur the time delay between an event ani 
the arrival of the nerve message at the centr 
nervous system is not very great, but large nervt 
fibres appear to be a biological luxury, and if d 
nerve fibres were of the largest diameter, nervs 
would occupy many times the space they in fat 
do, and would become impossibly clumsy. 3} 
far the greatest number of the nerve fibres goifl 
to the nervous system have a small diameter asl 
a slow conduction rate. Information conveyed b) 
them will be greatly delayed in transit. Tho 
following a sudden change some fibres deliv 
their information within a few milliseconds whit 
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others may require even seconds in a large animal 
before the! information is delivered. Thus, there 
js early warning of events, followed by more 
jnformation coming in later. It is interesting that 
many of :%e large fibres are occupied carrying 
informatic’ from muscles for the control of these 
same mus ¢s, and adapting their effect to suit the 
load that + met; as any servo engineer knows, it 
is most C sirable to reduce the delays in a feed 
back mec! :nism; in these simplest biological servo 
mechanisr » the fastest conducting fibres known 
are used. 
) Itperh: s comes as a slight shock to realise that 

everythin; “eaching consciousness from the senses 
must relz : to events that are already past in 
physical t ae, but this conclusion is inescapable. 
For exam; ¢, at close range, the flash of a gun will 
be signal! i from eye to brain so slowly that the 
bullet w: strike that brain before the nerve 
impulses ave reached it. Moreover, the delay 
differs fo. the various sensory pathways. The 
control th.t a brain exercises on external events is 
entirely c. pendent on predictor mechanisms that 
enable lat: r events in a sequence to be anticipated 
to take 2 tion appropriate to meet them. The 
unconscious analysis of the environment that 
makes this possible is what I want to convey in 
the term neural science. This forms a basis of 
prediction to control external events of immediate 
concern to an animal, just as formal science 
provides man with a shared basis of prediction for 
such control on a wider front. 

We must all realise the extraordinary accurate 
control of action that is manifest in many skills 
which require quantitatively accurate motor 
performance adjusted from sensory information. 
Thus a cricketer has to forecast the future position 
of a ball approaching him and the pattern of the 
sttoke he delivers is determined, and leaves his 
brain many milliseconds before the ball reaches 
his bat to be sent neatly into a part of the field 
where a fielder cannot arrive in time to catch it. 
The structures by which this is achieved, living 
nerve cells, little aggregates of highly organised 
jelly built up of constantly changing atoms and 
molecules, do not appear to provide extreme 
stability of form, but manifestly ensure continuity 
of function. They appear to require, and are pro- 
Vided with, an extremely closely controlled en- 
irmnment, not only in Claude Bernard’s sense of 
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constancy of temperature and chemical surround- 
ings, but also by extremely efficient protection 
from mechanical and other physical disturbances. 
They seem to have achieved functional stability 
in ways quite unlike those we adopt to produce 
stability in automatic computing devices. It is 
profitable to explore the nature of the precision of 
which they are capable, and how they come to 
possess group properties of high stability which 
do not require a uniformity of unit properties 
greater than those we observe, and how collectively 
they present us with phenomena, which at present 
we fail to be able to provide from the demonstrable 
properties of the units. But to return to the simpler 
aspects of the matter. 

The sense organs are often regarded in a passive 
role as receivers of information, whereas in fact 
their very nature requires them to be used for 
active exploration of the environment in coopera- 
tion with the motor systems. As Adrian! pointed 
out over thirty years ago, we do not use our senses 
only as observing instruments—some of them could 
tell us very little if we did. But we use them actively 
in conjunction with our muscles. To take a simple 
example, to feel a golf ball might mean to be hit by 
one, though the common meaning would be that 
it is taken in the hands, turned round, squeezed 
and discovered to be hard, rough, round and so on. 
This active investigation is essentially ‘alter things 
and see what happens’, the essence of experiment, 
and it enables the nervous system to get round 
some of the limitations of the sense organs, 
particularly that of adaptation owing to which 
many sense organs do not respond to steady 
stimuli but actively changing the pressure and 
contact with the sense organs of the hands enables 
these to yield the maximum information. If the 
ball were placed in an immobile hand, very little 
would be learned about it. It would, I fear, take too 
long to discuss how the apparently passive senses 
of sight and hearing become fully useful and 
meaningful by association with other senses; the 
active exploration of the environment is essential 
for the senses to be fully used. 

One of the more intriguing examples of motor 
testing of the environment to obtain information 
is that discovered forty years ago by Hartridge® 
when he showed that bats avoided obstacles in the 
dark, and suggested this was done by detecting 
the echo of their squeak to get a sound picture of 
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their surroundings. This sound echo location has 
since been investigated in detail particularly by 
Professor Griffin’ and his collaborators at Harvard, 
who have shown the precision with which a bat 
locates and captures flying insects by this method. 
Under water mammals also appear to use high 
frequency sounds for the same purpose and 
porpoises’ and dolphins have been investigated in 
recent years, and the former are found to be able to 
avoid invisible obstacles such as a perspex obstruc- 
tion suddenly introduced into waters familiar to 
them. The blind man tapping with his stick is able 
to develop similar abilities which are latent in 
sighted persons but become highly developed in 
those accidentally blinded. The blind often use 
clickers on the heels of their shoes to produce a 
signal for echo location as they walk. The import- 
ance of wireless echoes in man-made radar has 
stimulated investigation of these parallel ways of 
obtaining information from a distance which must 
have been in use in biological systems long before 
man appeared on earth. 

This testing of the environment by motor 
signals occurs in many sensory systems; it parallels 
experiment in formal science. Thus in feeling the 
golf ball, signals are sent to muscles to apply 
changing pressure and contact and the signals 
echoed to the sense organs of the hand from the 
golf ball are analysed. Similarly, but less obviously, 
testing is applied in the use of many other senses, 
such as moving the head to alter parallax to extract 
more information from the image falling on the 
retina. 

The term ‘exflex’!® can be used to denote a 
motor act which is monitored by the nervous 
system and results in a return of sensory informa- 
tion from the environment. The continual waving 
of antennae in insects or crustaceans seeking 
contact stimuli shows such motor action. When 
contact occurs this exflex is followed by reflex 
responses, in which the order of sensory and motor 
components is reversed. Thus neural science 
derives not only from passive but also from active 
exploration of the environment—essentially ex- 
perimentation. 

In echo location very precise appreciation of the 
timing of echoes is required and it is found that 
the human brain is capable of distinguishing 
sounds that reach the two ears with time differences 
of the order of 10 millionths of a second, which is 
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interpreted as the sound coming from the left » 


right of the subject. Possibly in the bat the dis. 7 
this, |p 
turning} 
Ives the 


crimination may be much finer than 
animals such as dogs and cats, the simp! 
of the head towards a source of sound inv 
analysis of such minute time differenc: ; 
messages from two ears to produce the 
response that occurs. 

The interaction of sensory impulses { 
sources can be seen in a much simpler c 
the spinal cord. Some twenty-five y 
Barron & Matthews? found that the disc 
secondary neurones could be initiated by 
tion of one part of the skin of a hind lim! of ac 
but could be inhibited by stimulating a ifferen 
region and that if the inhibitory stimu us wer 
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accurate 
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stimul:- 


applied first, that which previously pro« uced af 


impulse discharge then failed to do so. Sensor 
pathways exhibit excitation and inhibiti in as in 
the better known reflex arc. In recent ye«rs many 
detailed studies of such phenomena, e.g. by 
Skoglund,'* have shown that the primar) senson 
discharges entering the spinal cord intwract 
reaching secondary neurones. What goes forwari 
towards the brain is not the simple 1comiy 
information, but derives from the relationship o 


different parts of a complex message. In this th} 


time relations are an important, perhaps th 
paramount, factor. Simple incoming volleys i 
impulses cause demonstrable changes in neurone 


far and wide within the nervous system, egh 


Botelho & Matthews* found when a volley 
impulses entered the spinal cord of a frog from an) 
nerve chosen from all four limbs, changes occurrei 
in the local excitability of any single fibre tested 
the dorsal columns. The restriction of activity 
highly specific channels in the central nervou 
system as seen in the simplest reflex pathways isa 
artificial simplification often deliberately fostered 
by using deep anaesthesia; normally many otht 
pathways are active, but only those leading 
motor neurones are made evident. It appem 
impossible for impulses to enter the cent 
nervous system by one group of nerve fibre 
without altering the paths open to those arrivilf 
by thousands of others. The theories of the synap 
were developed to meet the simplest cases: tht! 
still have to be fitted to cover the wide it 


teraction found to occur among elements “f 


the actual nervous system. The enormo 
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branching of fibres within the central nervous 
system clearly may be partly responsible for what 
is observe:'. 

In simvie neural systems—for example the 
reflex pat! way of the knee jerkK—we know from 
the work © Renshaw!’ and Lloyd" that a change 
in the tim ng of two volleys of nerve impulses of 
only half » thousandth of a second can make the 
© difference between evoking a large muscular 
response. none at all. This depends on two volleys 
of nerve pulses from different peripheral sites 
reaching : certain point in the spinal cord namely 
the surfac - of the motor neurones within a narrow 
margin « time, and changes in their relative 
timing o fractions of a millisecond completely 
alter the © sulting action. 

Inperi; 1eral nerves, time occupied in conduction 
at first sic at appears a biological disadvantage, but 
central nervous system it would appear 
to have i portant functions in providing what an 
engineer calls delay circuits, each 
» moreove’ under constant conditions of tempera- 
H ture, etc. will introduce a consistent change in 
timing. has been suggested by Braitenberg® 


from the structure of the cerebellum that it could 
} provide « biological stop watch. 


The temporal resolution of events in the nervous 

§ system is very high indeed, and suggests a basis 
for much of the precision which it exhibits in the 
actions it produces. 

If two nerve impulses travel through a group of 
secondary neurones in fibres running from 
different directions and giving branches to those 
neurones, the place where they will coincide at the 
surface of a secondary neurone and alter its state 
of cause it to become active, is determined by the 
time interval between them, just as the place of 
collision of trains leaving London and Norwich 
and travelling at steady speeds on a single track 
would be determined by the interval between their 
start. If the collision results in a fire the Jocus of 
this fire would be determined by the interval 
between the start of the trains. The locus of the 
fire will determine which fire brigades in the 

§ castern counties receive messages to attend the 
fire, thus the relative timing of the starts results in 
many different responses, and this timing deter- 
mines many different messages. 

Returning to the neurones, it is clear that a vast 
number of different messages can be conveyed 
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simply by changes in the relative timing of two 
nerve impulses, which will determine where they 
meet. If we take a rate of final conduction of 2 
metres per second with a head-on approach at 
4 metres per second, the point of coincidence will 
alter by 20 microns for every 5 microseconds 
change in timing of either. If we take 50 microns 
as the spacing between secondary neurones 
representing fire brigades along the railway line, 
we find that 2 impulses in two fibres entering such 
a system at intervals of 0-1 second, could convey 
40,000 different messages. Or for 0-1/100 second 
can convey 400 different messages. 

The limit to the number of different messages 
two impulses in two fibres can convey within a 
given time depends on the central resolution 
possible: we know for impulses from the ears this 
is very high. There is no reason to expect it to be 
much less for many other central analyses. If we 
extend this to three dimensions with a third 
impulse to coincide with that resulting from the 
first two coinciding, the number of different 
messages carried by the time relations of three 
impulses becomes an astronomical number. But 
enough has been said to show the great possi- 
bilities of signalling complex information residing 
in the time relations of impulses entering the 
C.N.S. 

The pattern of central activity may thus be 
determined by the time relation of any pair 
of impulses, as well as by the fibres which are 
active. 

It is perhaps not surprising that important 
mechanisms seem selectively to reduce the inflow 
of information to the brain and the restriction of 
attention is to a minute fraction of the whole. 

The importance of timing in altering the informa- 
tion of two messages seen so clearly from the ears, 
also occurs with messages from the eyes. The 
messages from one eye can be made to occur late 
by placing a neutral filter over one eye which 
causes the impulses to be delayed in initiation 
within this eye, the binocular depth perception of 
moving objects is greatly disturbed and for 
instance a pendulum swinging in a straight line 
viewed obliquely appears to trace an ellipse. 
Clearly here relative timing of messages is of great 
significance. 

It would seem probable that the delay of some 
of the impulses from the skin in small fibres may 
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be important in their central analysis. Recent work 
on the structures of the human skin particularly by 
Weddel* has disturbed the older views of punctate 
specific nerve endings, and some other character- 
istics such as timing of impulses would fit the 
facts as a basis of part of sensory quality in the 
message very well. From our knowledge of skin 
endings and their nerve fibres the proportion of 
fast and slow travelling impulses and their delay in 
initiation would be expected to vary with different 
modes of stimulation. Since the observations of 
Head & Rivers'* we know that a deficit of some of 
the impulses from the skin after nerve injury, 
completely alters the quality of conscious sensation. 

Only in its simplest manifestations can a nervous 
system be regarded as a wiring diagram of neurones. 
Very simple organisms do present a system of 
identifiable connections and stereotyped responses, 
and these are also found in the most elementary 
reflexes of higher animals, but here many other 
pathways are open to the nerve impulses which 
traverse them. 

These connections of the elementary reflexes 
are not determined from the immediate environ- 
ment, but only activated by it, but are none the 
less purposive, and complex reactions occur in 
which learning appears precluded. An example is 
the righting reflexes found in all animals—these are 
present at birth in some species. 

As was pointed out above, purposive reactions 
anticipate changes in the environment and in 
reflexes carry mandatory instructions to action 
appropriate to an environment of which the 
organism may have no individual experience. The 
possession and transmission of these reflexes by 
the parents is a condition of the viability of off- 
spring. An obvious example is the suckling reflex 
which appears in the foetus of many animals and 
is present long before it is necessary for the 
survival of the individual. Again the righting 
reflexes which are essential for an animal to have 
effective mechanical activities in an environment 
which is unsymmetrical owing to the presence of a 
gravitational field are present in some mammalian 
species at birth. The messages from the labyrinth 
are already mandatory. 

The use of concepts in science such as reflex or 
gravity enable us to discuss with precision the 
known facts around these terms and can be used 
as full stops to our thinking beyond the regions 


where hypotheses can lead to profitable analysis 99 the la 
but with other advances of knowledge at sc me late) Einste 
stage they can sometimes clog the further <‘evelop. |) not co 


ment of ideas that may be valuable. For som} The 
reason the idea that animals resemble uperig | the or; 
clockwork toys still persists in dismissing  |emeny} and to 
of behaviour as ‘only’ reflex, and neglec ing tke} equipp 
extraordinary facts concealed behind th; wor,f Thu 
for reflexes give evidence of basic | “edict neuron 
mechanisms enabling the animal to foresta | evens | explor: 
in the environment. The presence of normif leading 
reflexes is far more essential for survival an th} Shared 


external details of the animal. For exar ple, af which 
animal born with a deformed or absent | g hasa} system: 
good chance of survival, though less t ian thf cannot 


normal, but there is ample evidence that a: animj [physica 


or man born deficient in any of a nu: iber off strive t 
visceral and protective reflexes has litte} nervou: 
chance of survival. assist ir 
The possiblity of organisms evading the simple} expecte 
determinisms of their stable physical envi: onment Forty 
by fore knowledge of that environment is mplici z is 0 
tom th 


in effective purposive reflexes. These a pear: 
more important and subtle component of in-f has itse 
heritance than the more easily studied «xternl} thing to 
characteristics. The great advance in well conf tol.’ T 
trolled behavioural studies in recent years serves} might b 
to underline the magnitude of the ignoraiice tha} substitu 
we conceal behind the word ‘reflex’. proposit 
The complexity of genetic instructions required) moved 
to include elaborate patterns of inborn refi} based sc 
connections would appear likely to tax the ingenuity} ofthe sc 
of the inventors of molecular genetic theories inf of the | 
future when the details of reflex organisation com rain ha 


to be included in this field. p are forc 
In man we can only partly separate inheriteif should \ 
theories 


and learnt components, but it appears that ky ™ 
nervous system is given much of its basic neurdf discontir 
science by inheritance which is brought up to dat bservat 
and extended by learning which blends its quoup ‘ystems 

of experimental information to the whole. Tf “not 1 
nervous system appears to build up a neunlf Particles 
science from infancy adding associations of actiaf discrete 

and sense data to the reflex data appropriate to tk the nery: 
properties of matter found in the environment. Af There 
baby has already gone far in neural science whe ‘entific 
he finds that his rattle goes out of his control whaf ™ our s) 
dropped to the ground. Formal science is latt easily in 
grafted on to concepts conditioned by neurif) Popularis 
science, and takes over the space time analysis (fF made to 
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the latter, only to have to discard this later for 
Einstein’: very different concept of space and time 
not comp!ctely independent of each other. 

The fin | predictor mechanisms achieved enable 
the organ’ m to survive in a changing environment 
and to liv. with its competing fellow or less well 
equipped »rganisms. 

Thus : ural science starts in associations of 
neurones iat are genetically determined. To these 
explorati' of the environment adds refinement, 
leading « the elaboration of individual skills. 
Shared f mal science is developed from this in 
which cc ‘munication between different nervous 
‘ys an essential role. The final product 
iinate all the limitations imposed by the 
1echanisms used, but can and does 
educe them. Increasing knowledge of 
‘stems as communication channels can 
cognising the nature of limitation to be 


cannot 
physical 


ars ago Sir Arthur Eddington® wrote— 
thing for the human mind to extract 
vhenomena of nature the laws which it 
has itseli put into them; it may be a far harder 
thing to cxtract laws over which it has had no con- 


Forty 


§ trol.’ The time is perhaps approaching when it 
) might be suggested that the word brain could be 


substituted for mind in this statement, thus the 
proposition would be made one that could be 
moved from philosophy to the experimentally 
based sciences; and emphasises the essential unity 
of the sciences and the inter-relation of the working 
of the brain and the theories of matter man’s 
brain has produced. When we find nervous systems 


| are forced to handle information discontinuously, 
should we perhaps wonder whether our physical 


theories in which we are forced to introduce 
discontinuities in matter and energy to agree with 
observation, can be as independent of our nervous 
systems as we often think, particularly when we 
cannot make complete descriptions in terms of 
patticles and must add wave properties not 
discrete in time. Are we perhaps discovering that 
the nervous system abhors a continuum ? 

There is great danger in the presentation of 
scientific material without due regard to its place 
in our systems of knowledge. This arises all too 
easily in elementary scientific teaching, or in 
Popularisation of science. The beautiful models 
made to summarise data relating to the theory of 
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molecular structure are often presented, especially 
since the advent of television, as though they were 
drawn as one can draw the railings outside the 
window to represent the shape of tangible objects. 
This is unimportant among scientists who under- 
stand the models to be coded diagrams and that the 
entities they are dealing with are dynamic, with 
moving charges and vibrating particles that have 
stabilities of pattern not only in space, but also in 
time, which can only be included by the assign- 
ment of frequencies and wave structure to them. 
But to the untutored mind they give an air of simple 
finality that is the negation of the spirit of science. 
We can see around us the spread of a popular 
pseudo-science that is regarded as a body of final 
dogma accepted almost as a religion, and perhaps 
welcomed in some quarters as providing a stronger 
popular opiate. But what Thomas Sprat in his 
History of the Royal Society in 1667 called ‘the 
long and tedious doubting of the true philosophical 
spirit’ which has produced the sciences as we know 
them is in danger of being hidden, and of being 
cramped by the pressure of mass demands for 
certainties. To quote Sprat again—‘indeed this is 
an error which is very natural to mens minds,... 
they fixed and determined their judgements, on 
general conclusions too soon, and so could not 
afterwards alter them by any new appearances. ... 
This is a temper of mind, of all others the most 
pernicious; to which I may chiefly attribute the 
slowness of the increase of knowledge amongst 
men.’ 

The most remarkable physical structures we 
know are those we use so casually and take for 
granted, and of which we really know so little. 
The frequent neglect of the fact that science is a 
product of man interacting with his environment 
through the medium of a nervous system has, I 
think, contributed on both sides to the many 
bitter controversies (some fought out in the 
British Association itself) between scientists 
perhaps oversimplifying their concepts, and 
churchmen defending dogmatic aspects of religion. 
Perhaps as our understanding grows of the nervous 
system as an instrument capable of prediction and 
so able to exercise control over the environment 
many of these arguments will appear as fruitless 
as the medieval schoolmen disputing the number 
of angels that could dance on the point of a 
needle. 
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"PHOTOGRAMMETRY AT YOUR SERVICE 


By Colc 


refrain, ‘If you want to know the time, 
ceman’, might be rendered in con- 
erms, ‘ If you want to know the size ... 
pe or the place) ... ask a photogram- 
or there are few problems of determina- 
or shape, volume or location, that may 
ed by means of photogrammetry. 
your own need to know any of these 
\ot immediately apparent, but whether 
you are <1 archaeologist or architect, ecologist or 
economis', engineer, forester, geologist, pros- 
pector, surgeon, town-planner or, indeed whatever, 
- your intexest in life may be, the chances are that 
| photograrnmetry is already serving you in some 
way or other and that it can serve you still more if 
» you choose to ponder on it. There is also the chance 
that if you are in the running as an engineer or a 
mathematician or a scientist, or as one of several 
other things, you can be of service to photogram- 
metry. So you may take your pick, serve or be 
served. 

For just over a century the process of photo- 
grammetry, which uses photographs as permanent 
portable records for the purpose of making accurate 
measurements (at one’s convenience), has been 
gradually but surely developing. The spur for 
development was the need for topographical 
surveys and it is to meet this expanding need that 
the process is mainly used today. However the 
general aim is to recapture and record, graphically 
or numerically, the measured relationships be- 
tween objects in space, the three-dimensional 
relationships. In other words, permanent recording 
of 3D’ for almost any purpose. 

The origin of the word ‘Photogrammetry’ is a 


little obscure though its derivation is obvious 
enough. It probably came into use first about the 
tme of the Franco-Prussian War although the fact 
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Fig. 1.—Aerial photographing of overlapping strips of 
land. (By courtesy of Hunting Surveys Ltd.) 


that a photograph is a picture in which perspective 
can be measured was recognised thirty years 
earlier by the Frenchman Dominique Frangois 
Jean Arago. By 1859, the embryo of the process as 
we know it today had been fathered by another 
Frenchman, an army engineer officer, Aimé 
Laussedat. Since then, the embryo has developed 
to maturity through the joint efforts of scientists 
of many nations. 

In its early days photogrammetry was confined 
to using photographs taken on the ground and, 
although ingenious attempts at aerial photography 
were made almost at the outset, little success was 
achieved until the second decade of this century 
when aeroplanes became reliable moving carriers 
of airborne gear and the designers of photogram- 
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metric apparatus set about designing special 
cameras to be carried in them. Since then the 
process of photogrammetry has become more and 
more integrated with the development of aircraft, 
and topographical photogrammetrists rely almost 
entirely on aerial photography for their raw 
material. Ground photography is, however, still 
used by exploring surveyors who probe for 
topographical knowledge on their feet and it is 
also increasingly used by non-topographical 
photogrammetrists for their own special purposes. 

As a general rule in contemporary photogram- 
metry stereo-photographs are used and photo- 
grammetry is often loosely used as though it were 
confined entirely to stereo-photogrammetry, which 
it is not, for single photographs do have their uses 
for measurement. For aerial surveys, areas to be 
mapped are usually covered by long, laterally 
overlapping, strips of separate photographs taken 
in sequence. The individual photographs in the 
sequence are taken at intervals of time so regulated 
(usually automatically) that every picture in the 
strip overlaps its precursor by 60 per cent. (Fig. 1). 
The time-intervals are regulated according to the 
speed and height of the aircraft relative to the 
ground, and the focal length of the camera. The 
fore-and-aft overlaps enable the photogram- 
metrist to reconstitute in his stereoscopic viewing 
apparatus a stereoscopic ‘ model’ of the terrain from 
which accurate measurements can be made. In 
special-purpose photogrammetry, the photographs 
may be taken either with stereo-cameras or with 
simple cameras used from two or more appropriate 
viewpoints with the object of making measure- 
ments by intersection. 


The Scope of Photogrammetry 


The scope for photogrammetry is so vast that 
the International Society for Photogrammetry, 
founded some fifty years ago, is growing from 
strength to strength. Its ramifications over the 
fields of arts, sciences and technologies and its 
potential for service in practical affairs are indicated 
by the subjects discussed at the last Congress of 
the International Society which was held in Lon- 
don in September 1960. This was the ninth of a 
series that have been held every fourth year since 
1913, with some interruptions, in one of the capital 
cities of the world. Subjects discussed included 
the following: 
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Quality of photographic image; survey navig. 
tion; infra-red photography; quality of stere. 
vision; lens distortion; automation; star dardis. 
tion of the expression of precision anc errop: 
radar altimetry, electronic computers. urby 
mapping; design of highways; nautical charting 
railway design; problems of civil eng neerin 
microscopy; ballistics; water-current 1 ieasur: 
X-ray photogrammetry; analysis of road icciden 
scenes; tropical vegetation and crops; sc irces of 
gravel; geological research; forestry; huma 
ecology of the city; ice in the northern s: a rout, 
These are just some of the topics consider: d at th 
congress among some 770 persons from 69 {ifferen 
countries. 

Naturally most of the participants in the | ongres 
were people engaged in the prosecution 0” photo- 


grammetry in one way or another: som: whos| 


work is devoted to improving the proce:s in it 
many facets, some concerned mainly ‘vith is 
applications in practical usages, some cccupicl 
with the design and manufacture of pho:ogran- 
metric equipment and instruments, some d-dicated 
to teaching, and some intrigued with the histor. 
It is not proposed here to go deeply into thes 
matters but simply to present a picture of th 
service that photogrammetry renders and ca 
render to man with a spotlight on British contrib 
tions. Before doing this it is thought usefu! to give 
an outline of contemporary procedures and : 
glimpse of the future. 


The Photogrammetric Process 


The photogrammetric process as a whole fal 
into three broad interrelated phases, namely: 


(1) Planning the work; (2) Photography; (3) ‘Plory 
ting’ (used here as a convenient though not exatj” 
omnibus term to cover all processes of setting yy 
for viewing and measurement} 
measuring them and recording the measuremen}}” 


photographs 


in a readily appreciable form). These three phass 
apply to both topographical and non-topographiel 
work but, in the latter, each kind of specialist wot 
is likely to call for its own kind of special treatmetl 
within each phase. Only the procedures applicable 


generally within the phases of topographical wot . 


will be mentioned here. 

In the first stages of planning, consultation } 
needed between the client who requires work dos: 
and the agency which is to carry it out, so as 
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3 determine <xactly what end-products (and maybe 
) intermediary products too) will be needed to serve 
dardise. client’s purposes. Perhaps in the first instance 
etton;| “speedily prepared rapid maps, uncontoured, or 
urba} phote»raphic mosaics, will aid the client’s own 
arting;} preliminary planning. Then the nature of the final 
neering} maps nee. cd—their scale or scales, the vertical 
\easure; intervals contours, and the style and quantities 
ccidenf  required—- nust be decided. Relative costs of alter- 
 urces off | native sch: nes may have to be considered although 
huma} of course ‘ere is the possibility that the client will 
route| know fror’ past experience exactly what map-pro- 
‘datth! ducts he rust have and will simply call for com- 
lifferen} petitive te ders for them from different agencies. 
Then, « 10ng important technical factors which 
Ongres| the agenc; must consider in its own planning are 
)” photo-} the provisi »ns of ground-control (and other ground 
1° Whos} work), aml whether a single complete photo- 
<$ in is} graphic c. verage will suffice as the raw material 
‘with is} for maps a, perhaps, several different scales. (A 
Cccupiel} factor of largement of as much as 8 x is regarded 
as allowasle for photogrammetry using con- 
1-dicatel} temporary sensitized materials, cameras and 
> history} precision olotting apparatus). Weather conditions 
110 thes} are of greac importance; for example in connection 
e of th} with a current survey of a large area in Nigeria for 
and ca} general development, it is noted that there have 
contribu} been great photographic difficulties in the past due 
ul to git} to heavy layers of cloud for a large part of the year 
s and a} and dust-laden winds from the Sahara during much 
of the remainder. This is the sort of factor that 


Itation “Fig. 3.—This is the Williamson F.96 camera showing the 
500 ft. magazine and camera body with the cover re- 
moved. (Reproduced by courtesy of Williamson Manufac- 
turing Co. Ltd. 
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Fig. 2.—This is a Williamson type F.96 aerial camera fitted 
with a 48 in. lens and a 500 ft. magazine. It is the stan- 
dard high altitude day reconnaissance camera of the 
R.A.F. (Reproduced by courtesy of Williamson Manufac- 
turing Co. Ltd.) 

may add much to the cost of a project and to the 

complexity of administrative arrangements. The 

administrative arrangements are in any event 
sufficiently complex in most major projects and 
depend much upon the goodwill of local authorities. 


Photography 

In photographing an area the essentials are that 
the whole area should be covered in the most 
economical fashion, with no gaps, by stereoscopic 
photography of high quality at the required scale. 
Apart from consideration of weather, this require- 
ment demands the provision of an aircraft capable 
of the necessary flight range and altitude, equipped 
with a camera of the appropriate specification 
using sensitized material of the utmost reliability 
and quality, and faultlessly navigated. 

The scale of photography is governed by the 
flying height and the focal length of the camera, 


the formula being 


f 
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(For example, for a photographic scale of 1: 10,000 
using a 6-in. lens, a flying height of 5000 ft. is 
needed.) The focal lengths of contemporary survey 
cameras (including reconnaissance cameras) vary 
from about 3-in. to 48-in. and there is a multi- 
plicity of designs (Figs. 2 & 3). Among important 
features of design (which has to be thought of in 
terms of measurement to 1 micron) are steadiness, 
preservation of optical flatness, shutter efficiency, 
uniformity of illumination and definition, means 
for effective synchronization, elimination of image- 
blur and static, and simplicity of operating 
mechanism, while temperature and pressure con- 
trol must be provided. Above all there must be 
reliability, for one missed photograph may be 
nearly calamitous. 

One notable and comparatively recent advance 
in camera design has been the introduction of 
super-wide-angle lenses with much greater angular 
covering power than in the past yet providing 
excellent resolution, brightness, and freedom from 
distortion (wide-angle, 75°-100°, super-wide- 
angle, 100°-120°). Another notable feature of 
contemporary design is the treatment of cameras 
and plotting apparatus as interdependent rather 
than independent items as in the past. 

Sensitized photographic materials for photo- 
grammetric negatives are sometimes on film base 
sometimes on glass. The relative merits are the 
subject of much discussion being bound up with 
questions of stability of dimension, weight, con- 
venience of handling and cost. The emulsion must 
have particular qualities and considerable research 
is being directed to determine exactly what those 
qualities should be and how to define them in 
internationally standardised terms. For stereo- 
scopic examination of the photography, positive 
prints must be taken from the negatives. Prints 
on paper serve for preliminary examination as well 
as for mosaics when required but for stereoscopic 
measurement positive transparencies on film or 
glass (diapositives) are needed. Ingenious ‘dodg- 
ing’ printers which print by electronic scanning 
instead of simple contact or projection printing 
have been devised to improve the rendering of fine 
detail and further developments are expected in 
this direction. 

The requirement for complete photographic 
coverage of an area, with no gaps, calls for very 
accurate navigation. In regions where reasonably 
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good maps already exist, skilled pho'ographj devises 


crews can achieve full cover by visual navigatig 
but in poorly mapped areas special aids ar: needej 
Some of the several aids available are < escriby 
below. Actually aids to navigation may do mor 
for the photogrammetrist than ensuring t 1at ther 
are no gaps in his photo coverage, becau: = part ¢ 
his work consists in reconstituting the pos tion an 
orientation of the camera in space at th» insta 
each exposure was made. Certain forms >f aid » 
navigation help to save labour in this recor stitution 
process and current researches are bein ; carrie 
out to improve these aids so as to minimise the neei 
for ground-control and complex proc :sses 
‘aerial triangulation’. Among these dev ces, th 
Airborne Profile Recorder (A.P.R.), recent) 
invented in Canada, seems to have con iderabk 
possibilities. It has three chief componen:s whic 
are: (1) An accurate barometric rec: rder ¢ 
changes of aircraft height relative to a startin 
datum (a statoscope); (2) a radar altime:er pr- 
gressively recording heights of the aircrart above 
ground; and (3) a spotting camera. The A..’.R. wa 


Fig. 4.—This is a Williamson large-scale plotter type L.S/ 
It isa graphical plotter of the anaglyph type. The plate! 
on which the floating mark rests is on a small stand nei’ 
the centre of the plotting table. (Reproduced by courte) 
of Williamson Manufacturing Co. Ltd.) 
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devised for economical photography for linear 
surveys which require only a single strip of stereo- 
t needed] scopic photography (for example, defined narrow 
Cescribel) jines of ommunication), as opposed to areal 
do mor} > surveys, “od its use as an aid to navigation is at 
t iat ther present s.sidiary to that sort of purpose. 

parti Other «videly used aids to navigation include 


S tion ani} systems « pulse radar (Shoran and Hiran) and 
instar} radio pha: comparison (Decca), which are depend- 
ent upon zround installations and may therefore 
stitutin} pot alwa’. be convenient. Doppler techniques, 
1, ‘inertial _uidance’, and improvements in solar 
the neei| navigatio: are also being actively studied as aids 
C2sses both to =. vigation in flight and photogrammetric 
\ ces, th}  restitutic. of camera position and orientation. 
recently 

1 iderabk} Plotting 

which In ster2o-photogrammetry results depend upon 
<rder measurer .ents of the apparent changes in positions 
1 Starting} of objec' due to the changes in direction from 
€cer ptt} which thy are viewed (as in the apparent change 
att abor} in position of the background relative to a steady 
.D.R. wa} forefinge: when viewed alternately with the right 


and left zye). These measurements of ‘parallax’ 
are got b’, one or the other of two different methods 
known respectively as the graphical or analogue 
method and the numerical or analytical method. 
Elementary stereoscopes with fairly simple auxil- 
iary devices are still often used but over the past 
few decades photogrammetric instruments of 
great complexity have been evolved and are now 
widely used. 

In these instruments the two stereo images are 
fused to disclose to the viewer a ‘model’ of the 
scene combined with a ‘floating’ mark which may 
be moved in the x, y and z dimensions by the 
operator using hand or foot controls so as to 
coincide with the apparent surface of the model at 
any desired point or to trace any feature apparent 
onit. In the Graphical method, the movements are 
communicated mechanically or electronically to a 
| stylus drawing or scribing on a plot sheet. In the 
| Numerical method, measurements of parallax of 
| individual points are made with reference to a 
» common selected datum point at the centre of the 
photograph and each measure is recorded for 
analytical treatment. There are two distinct types 
of Graphical plotting apparatus. In one type a 
monochrome model (with the floating mark) is 
viewed in the heart of the apparatus, in the other 


type LSP. 
The plates 
stand near 
Dy courtes) 
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the model is projected as an anaglyph, on to a 
tablet or platen which carries a mark or point of 
light, and is viewed openly through bi-coloured 
spectacles. (Figs. 4 & 5.) 

At least three-quarters of the land surfaces of the 
earth are as yet unmapped on reasonably adequate 
scales so that the field for topographical photo- 
grammetry is immense and any means that can be 
found for increasing the pace of mapping by reduc- 
ing waste of human effort and avoiding human 


Fig. 5.—The British-made Thompson-Watts 
Model 2 with front cover removed to reveal part of 
the internal mechanism. Designed particularly for large- 
scale mapping, though capable of handling small scales 
also with especial regard to speed of operation. 
(Reproduced by courtesy of Hilger & Watts Ltd., London.) 


plotter 


errors in photogrammetry will benefit mankind. 
Recently there has been a breakthrough in auto- 
mation by the design and development in Canada 
of an electronic scanning device applied to a 
standard graphical plotter of the anaglyph type. 
This embodies the ingenious rudiments of a 
replacement for the human eye in searching out 
elements of the stereoscopic model and for the 
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human brain in translating these elements to 
terms of measurement. Already this device has 
had significant successes in making assessments in 
the z (vertical) dimension and has been used for 
plotting contours and profiles with enhanced speed 
and saving of costs in highway design. The time 
has not yet arrived when, in the words of a 
distinguished photogrammetrist, one will be able 
to ‘tell it (the apparatus) to design the most 
efficient highway from here to there, push the 
start button and go out to lunch’ and return from 
lunch to find the job done. But a start has been 
made in one direction and is being made in others. 

The design and manufacture of photogrammetric 
equipment and instruments is a highly competitive 
international business in which British manu- 
facturers take a creditable part. Aerial cameras, 
stereoscopic plotting machines and accessories are 
made by Hilger & Watts Ltd., and Williamson 
Manufacturing Co. Ltd.; Stereoscopes and acces- 
sories by Barr & Stroud Ltd., C. F. Casella & Co. 
Ltd., and W. Ottway & Co. Ltd.; Navigational or 
distance measuring aids by Cooke Troughton & 
Simms Ltd., Decca Navigator Co. Ltd., Kelvin & 
Hughes Ltd., and Wallace & Tiernan Ltd.; 
‘Dodging’ printers by E.M.I. and Rank Cintel 
Ltd., and Projectors by Grant Production Co. Ltd., 
while Wray (Optical) Works Ltd. make lenses. 
Fairey Air Surveys Ltd. have recently entered the 
camera-making field. The Ministry of Aviation, 
the Ordnance Survey, the Directorate of Military 
Survey, and the Directorate of Overseas Surveys 
themselves carry out investigations for the im- 
provement of photogrammetric techniques and 
equipment and co-operate with the manufacturing 
firms in the development of new and improved 
apparatus. 


Topographical Photogrammetry in Britain 


The vast areas of the world that remain to be 
properly mapped, as well as those that require 
fresh mapping as developments take place, call for 
immense efforts in the realm of topographical 
photogrammetry. British organisations contribute 
much to these efforts. 

In Britain itself, acknowledged universally to be 
already among the best mapped countries in the 
world, there is still room for photogrammetric 
work for particular mapping purposes. The 
Ordnance Survey is using photogrammetry for 


part of its programme of national mapping ji 
urban areas for uncontoured plans on scale | : 125) 


and in the programme of resurvey of moun: ain an( | 


moorland areas on scale 1:10,560 with con :ours x 


25 ft. vertical intervals (the ‘six-inch’ ma: ). Thi | 


department has also used photography, ir -ludiny 
some experimental infra-red photography, of over 
1000 miles of coastline in connection wi: h tid, 
surveys. It has also been continuously de’ loping 
techniques of analytical aerial triangulation, which 
it was a pioneer, using the DEUCE el ctroni 
computer at the National Physical Lat orator 


and a computer from the Netherlands. Pi otogn- 


phy for the department is carried out ur ler the 


Ministry of Aviation, navigation being by th : Deca | 


system. With exquisite fairness the departm nt uses 


13 British and 13 Continental plotting m: chines. | 
Apart from the national mapping pro; ramm: | 


there are many demands for special map} ing by 
local authorities and other bodies, pub:ic and 
private, for such purposes as hydro-ele: :ric or 
housing and re-development schemes, ad im- 
provement of harbours and communi. ations. 
These are undertaken on contract by one cr other 
of the four British commercial concerns, eit er one 


of the two large companies Fairey Air Surveys Ltd, | 


or Hunting Surveys Ltd., both of which also carry 
out much overseas work, or one of the two domestic 
operating firms, B.K.S. Air Surveys Lid., o 
Meridian Airmaps Ltd. 

Among the numerous works done by thes 
companies recently, a few examples may be quoted. 
In 1960, the whole County of Essex was photo- 
graphed from the air by Huntings on a scale about 
1:10,560, mainly to obtain up-to-date information 
for County Development Plans based on the 6-inch 
Ordnance Survey maps. The photography can also 
be used for revision of town plans on larger scales. 
This company is now engaged on similar work for 
the whole of Kent, bar the Isle of Sheppey which 
was done in 1960. Copies of the photographs are 
available to local authorities or members of the 
public, on payment, on application to the County 
Councils concerned. In extension of aerial surveys 
of the Skelmersdale district done for the Lancashir 
County Council in 1959-60, Faireys have lately 
undertaken large scale survey and mapping for the 
Skelmersdale New Town project. They have also 
taken up aerial photography of most of Oxfordshire 
on scale 1:8,000 for the County Council. B.K.S. 
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7 recently carried out revision mapping of the Island 
7 of Jersey on a number of basic scales, and is 
' currently making assessments of bulk excavations 


for contractors’ costings. Meridian has made a 


| large-scale survey of Southampton Docks intended 
| mainly for a reorganization programme but used 


for a var cty of purposes, and has undertaken 
surveys fc» trunk roads, power lines and railway 
modernis: “ion. 


Work Ov:-rseas 


Those _¢ us who are accustomed to the facility 
of being « >le to walk into the local stationers and 
buy a ma; that shows our own home and the way 
toreach i: ‘rom the station or bus-terminal or to go 


from it !’ the shortest route to church or the 
‘local’, m:.y find it difficult to appreciate the crying 
need for maps of every sort in lands dotted all 
over the lobe. Beyond the seas, the offshoots of 
British s.rvey organisations and their affiliates 
reach out world-wide as participants of high repute 
in the wo:k of meeting those needs. A catalogue of 
their wor< would be out of place here but some 
knowledge of it is surely a must. 

The Directorate of Overseas Surveys, is the 
Government organisation concerned officially with 
surveys and mapping of British overseas terri- 
tories. It works also in some independent territories 
such as Ghana and Nigeria. Work is being done in 
six territories of East and Central Africa, and four 
in West Africa as well as in North Borneo and a 
number of Pacific and West Indian islands. Scales 
are generally 1:50,000 in African territories and 
North Borneo, Sarawak and large islands such as 
Viti Levu in Fiji. Smaller scales are used in 
comparatively featureless areas while most of the 
Caribbean Islands are mapped on larger scales, as 
1:25,000 to 1:10,000. Urgent requirements are 
usually met in the first instance by maps without 
contours followed by contoured maps or, in some 
regions, by maps with a system of hill-shading to 
provide preliminary information about relief. In 
addition to surveys for general development, the 
Directorate carries out special mapping for 
geological, forestry, and land-use purposes. Its 
work is financed partly from development and 
welfare funds and partly from money for technical 
assistance. 

The Directorate of Military Surveys has carried 
out topographical photogrammetry on scales from 
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1:25,000 to 1:100,000 in Africa, the Arabian 
Peninsula and Malaya as well as plotting a test area 
in Canada using wide-angle photography and doing 
experimental work with a number of different 
instruments and techniques. 

Fairey Air Surveys Ltd., and Hunting Surveys 
Ltd. both have headquarter offices in Britain. 
Between them they have associated or affiliated 
companies in Australia, Canada, India, New 
Zealand, Pakistan, the Rhodesias, and South 
America. Apart from many surveys for geological 
purposes the parent companies have done much 
work for general development or such special 
developments as irrigation, power, railways and 
roads or town planning, land-use and tenure, agri- 
culture or forestry in at least twenty-three different 
territories. These include Afghanistan, British 
Guiana, Burma, Egypt, Hong Kong, the West 
Indies and many parts of Africa and the Near 
East. The areas surveyed have often covered many 
thousands of square miles, though quite small areas 
have frequently been done for special purposes. 
Typical variations are maps for general develop- 
ment of resources on scale 1:50,000 with contours 
at 20 m. or 20 ft., and maps for town-planning or 
industrial projects on scale 1:500 with contours at 
1 or 2 ft. intervals. 


Specialist (Non-Topographical) Photogrammetry 

Non-topographical photogrammetry is rather a 
cumbrous term and among photogrammetrists 
there is some discussion as to its scope, but for 
purposes of this paper it is being taken as photo- 
grammetry for special purposes not directly 
connected with measurements of the topography of 
the earth’s land surfaces or the resources these 
afford for the economic use of men. These special 
applications cover an extremely wide range and it 
is not possible within a short compass to do more 
than outline the range and touch briefly on the 
details of some of them. In this it will be observed 
that some of the applications evidently fall within 
the domain of the expert photogrammetrist who, 
of his own volition, interests himself in some rather 
complex special application. 

On the other hand it will be equally evident that 
there are already many special purposes, and might 
be many more, which are clearly the job of a 
specialist in some separate art, science, or tech- 
nology, who recognises the possibilities of photo- 
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grammetry as a tool for his work and is thereby —_ urban industrial centres and other works c* anciey 
spurred to get a knowledge of its working principles _ civilisations. Of especial current intere:t is th 
and how to apply them to his special problems. notable work now being done in Nubi: on th 
This is not to say that the specialist need work out _— desert shores of the Nile. Here for some ¢ ve yea 


his problems alone, for it is sure that he willalways _ past, a team has been making detailed recc rds wi)| 


be able to get the advice of an expert photogram- the aid of photogrammetry of the gr-at Ah 
metrist if need be; it is merely to suggest that in Simbel group of monuments which will be sub 
certain sorts of work the specialist should take the = merged when the Nile waters are impou ided }y 
initiative and hold it. In this connection it should the new Aswan dam. This is a contributi: n to th 
be said that there are already clear signs of a history not only of the past but also of \ur ow 
demand for development of simplicity in equip- —_ times which will be of significance far be ond th 


ment to suit specialist purposes which do not __ realms of the scientists directly concerned vith th 


require the complex apparatus dear to the heart of | work.* 
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the expert but forbidding to the tyro. The following In Architecture photogrammetry is used fa 
outline of specialist works in photogrammetry does _ recording features of ancient buildings as an aid 
not pretend to be exhaustive. For convenience itis preservation or restoration. Research is continuin; 
given more or less in alphabetical order. into the positioning of photographic stations ani 

Animal husbandry has been the subject of experi- provision of control data for this type of wor 


ment in the volumetric measurement of carcasses. which is closely linked with engineering. 
Anthropometric work has been done on skull Ballistic photogrammetry is in the forefront 0 

measurements to determine racial characteristics | contemporary specialist work. The general overdl 

in conditions when usual anthropometrical ap- problem is to determine the space-time 0 


paratus has failed to give results. It has also been _— ordinates of high-speed sleds, aircraft, missiles ani 
used to collect anthropogeographical data in the like. A present work of magnitude in this field 
association with research into physiogeographic is a project for measurement of these data it 
conditions in ancient settlements and irrigation respect of points on the orbit of a geodetic satellite 


and conservation projects. 


photogrammetry in the study of Roman roads and __ing operation. 
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: * As we goto press it is learnt that an attempt will bt 
Archaeology offers a fruitful field for the use of made to preserve these monuments by a major engine! 
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that is to ay a satellite intended to aid in the _and profiles of piers while enlarging the naviga- 
solution of problems connected with the size and _ bility of the stream spanned. Another valuable use 
shape of te earth. This is a project in which is the measurement of structural deformations 


) cumulative progress may be foreseen because by __ under fluctuating loads. 
) determini) better figures for the shape and size Photogrammetry is used for various forms of 


} of the cart’ from measured orbits, more accurate — hydrometric investigation such as the effects of 
‘ restitution. of camera stations, and hence better varying currents on river bottoms which can be 
‘measures . { the satellite orbit, become possible. gauged by studying the effects of artificially 
The proc’ s makes use of both stereo-photo- generated currents on models. Similarly, measure- 
‘grammetr’ and intersections from individual ments are made of wave patterns and other 
‘photograp > taken from different viewpoints. important dimensions in harbour models. An 
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Fig. 7.—A Heavily Cambered Road. Reproduced at } Map Scale. (Crown copyright 
reserved. Reproduced by permission of the Controller of H.M. Stationery Office.) 


Corrosion, a menace difficult to combat, is best interesting sideline on these is the use of per- 
dealt with if its extent can be determined. Recent § manganate to colour the water and of cork powder 
experiments have shown that this can be done by _to bring out surface details for photography. 


photogrammetry. One special application being investigated in 
Engineering is a field to which topographical _ Britain is that of preparation directly by photo- 
work contributes much but diverse specialist app- | grammetry of working drawings of complex 


lications of photogrammetry are often used. For industrial installations from small-scale models 
cxample it has been used to help in ensuring the __ built up and studied for ease of construction and 
retention of the character of design of an ancient _ operating efficiency. Another is concerned with the 
bridge, its architectural structure, form of arches _ preparation of full-scale templates for building 
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motorcar bodies by direct plotting of photogram- 
metric measurements from approved models. 

Meteorological data can be obtained by volu- 
metric measurements of cloud formations, and the 
determination of wind-vectors by measuring 
photographs of smoke puffs or vapour trails. 

Photogrammetry appears to have great potential 
value in the fields of medical, surgical and 
veterinary science particularly with X-ray photo- 
grammetry. One advantage of the process in these 
fields is that it can be used to record details of 
changes in sensitive tissues without touching them. 

The Moon: The photogrammetrist could 
scarcely escape being drawn into the vortex of 
outer space and recent studies have made great 
advances in knowledge of the face of the moon. 
The relative altitude of lunar features by measure- 
ment of shadows, previously done with great 
difficulty by micrometric means using small tele- 
scopes, is now being done from photographs and 
an ambitious gridded atlas of the moon is being 
prepared. Some experimental attempts are being 
made with stereo-photogrammetric measurements, 
but it is understood that these are unlikely to be 
successful until ‘good measurable photographs 
have been obtained from space vehicles operating 
in its (the moon’s) near vicinity’. 

Finally, coming back to earth again, traffic 
accidents. A dictionary definition of an accident is: 
‘Event without apparent cause’. The operative 
word is ‘apparent’ and in many countries photo- 
grammetry is being used experimentally to help in 
tracing the real causes. Ideally, for this purpose, 
the photogrammetrist should secure records in 
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three dimensions of the scene of the accicent, th 
road conditions that may have contributed to ; 
and the resultant damage. This would pe: haps by, 
easy enough if the accident-prone moturist (« 
cyclist, or pedestrian) always had a phc ‘ogran. 
metrist, with equipment at the ready, taggiy 
along behind him, and if an accident cyuld & 
curtained off, and if there were no othe™ incop. 
venient impediments to photography. In th 
absence of such ideal conditions those w o mak 
investigations must be full of resou:ce an 
ingenuity, and must be quick movers. 


In Britain, investigations in this field a ¢ bein 


made at the Road Research Laborator: of th! 


Department of Scientific and Industrial R -search 
Two examples of their experimental vw ork ar 


illustrated. In the accident illustrated by 1 1¢ plan, 


Fig. 6, probable positions of the cars at impac 


were determined, despite numerous dif culties) 


from scrub marks of tyres on the road, de »ris ani 
by ‘fitting’ the damaged outline of one «ar inw 
that of the other. Fig. 7 depicts the pho ogram- 


metric plan of a fatal accident scene. This :nablei| 
camber curves to be plotted to throw | ight m 


possible causes of the accident. 

It will be understood that it is no pari of thi 
work to attribute blame. It is done purely to obtan 
a record of facts that may have contribute: to th 
accident. 

So much for photogrammetry at your service. 
Its present range is wide; the breadth of scope far 
its expansion is almost illimitable. The boundari« 
of the photogrammetrist’s vision are the paths 0 
space-craft and the penetrations of Réntgen rays. 
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: | LIFE AND ENVIRONMENT ON THE BED OF THE SEA* 


By Pr« 


A pre dential address to this, or any other, 
Section «~ the British Association should, it seems 
to me, »~:ferably be on a general topic and one 
which h:s long held the attention and exercised 
the curi sity of the speaker. I address you as a 
marine | iologist of now, I realise, almost exactly 
40 years tanding and my topic—life and environ- 
ment on -he bed of the sea—could hardly be wider, 
covering, as it would seem to do, some two-thirds 
of the surface of the globe. But this becomes 
substantially reduced when I declare my interest 
confined to the relatively shallow bottom of the 
continental shelf, so omitting all mention of the 
members of the deep sea and abyssal faunas 
although there will inevitably be some reference to 
intertidal animals. This address will be concerned 
with some of the rich and varied population of 
invertebrates which can be sampled by dredge, 
trawl or grab and which inhabit every possible type 
of bottom in the shallow seas. For my examples I 
shall largely take animals which I have studied in 
life and as far as possible under conditions approxi- 
mating to their natural habitat. It is the relation of 
the structure and habits of these animals to their 
environment which represents my major theme. 

The floor of the continental shelf is a region of 
profound importance. There evolutionary changes 
have occurred which have stocked every available 
bottom environment. From it animals have 
migrated down the continental slope into the ever- 
increasing monotony and the ever-decreasing food 
supplies of the abyssal environment or upwards 
into the greater hazards, but richer returns, of 


* Presidential Address delivered to Section D 
(Zoology) on August 31, 1961, at the Norwich Meeting 
of the British Association. 
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shallower waters. This has sometimes led them on 
to the shore or into freshwaters and even, by one or 
other route, on to the land. In its vast resident 
populations it forms a major centre of secondary 
productivity. Especially in shallower depths these 
benthic animals feed directly on the phytoplankton 
carried down in turbulent water movements while 
everywhere a wealth of organic matter drops from 
above or falls out of suspension as water currents 
diminish. The members of this fauna, especially 
worms, molluscs and crustaceans, form the food 
of demersal fishes and so are of direct economic 
concern to mankind. 

In these depths, nowhere exceeding some 100 
fathoms and often less than half of this, the physical 
environment is not exacting. Salinity alters little 
if at all; temperature changes slowly and extremes 
are not great. Pressure, which may have some 
effect in greater depths has none here. What does 
vary, however, is the nature of the bottom. This is 
the reason why the content of dredge or trawl 
varies so much from place to place. Long before 
man began actually to view the bed of the sea by 
the aid of cameras or underwater television or, 
more recently, by gazing through the windows of a 
bathyscape upon a locally illuminated ocean floor, 
he had obtained a fair idea of the varied nature of 
the sea bed by the simple process of noting what 
adhered to the tallow inserted into the hollow at 
the end of the sounding lead. 

The activities of Victorian naturalists and their 
contemporaries in western European countries 
revealed the wealth of animal life on the continental 
shelf. They provided the solid basis for our present 
knowledge of this fauna, indeed in many cases 
their books are still standard works of reference. 
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They noted differences due to type of bottom and to 
latitude and others due to depth although Edward 
Forbes’ ideas of an azoic zone had to be abandoned 
when first H.M.S. Lightning and H.M.S. Porcu- 
pine, and later H.M.S. Challenger, found life at all 
depths to which they could send their rope-drawn 
trawls or dredges. 

But all this was qualitative; it was left to the 
Danish naturalist, C. G. J. Petersen, before and 
after the First World War, by using the grab 
instead of the dredge or trawl, to begin the 
quantitative surveys of the sea bed which will 
always be associated with his name. His work in the 
North Sea revealed the presence on different types 
of bottom of a series of communities which he 
named after dominant or representative inhabi- 
tants. Uncertain about the precise status of such 
assemblages, he felt it ‘best to regard the animals 
living on the sea bottom as communities, just as 
botanists group together the vegetation of the land 
into plant communities, even though in the present 
state of our knowledge it is impossible to show how 
intimate the mutual relations are between the 
animals of the sea in the single cases’. In addition, 
Petersen distinguished between the epifauna which 
lives upon a hard, and the infauna which lives 
within a soft, substrate. And although this breaks 
down when we consider animals which bore into a 
rocky substrate or which, like some scallops and the 
tropical windowpane shell (Placuna), live on the 
surface of soft substrates, it remains, as we shall 
see, a highly significant distinction. 

In the hands of many successors, of whom his 
fellow countrymen Prof. R. Sparck and especially 
Prof. G. Thorson,' together with the late Mr. F. M. 
Davis* of the Lowestoft Laboratory, are the most 
outstanding, Petersen’s work has been greatly 
extended although surprisingly little modified. We 
now know that the communities he identified are 
of world-wide distribution, varying sometimes no 
more than in the substitution of one species of a 
genus for another. Apart from the predator/prey 
relationship, there is little indication of inter- 
dependence between the members of a community. 
They represent groups of animals capable of living 
upon or within a certain type of substrate. Mem- 
bers of the epifauna feed in the most diverse 
manners; infaunal animals are necessarily more 
restricted. But to the extent that these bottom 
animals are suspension feeders they are essentially 
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dependent on the primary producers, namely th 


3 
substr 


phytoplankton of surface waters. On the other hang shelte 


deposit feeders collect organic detritus the precise: | 
food value of which—whether it be nutri ious j 
itself or only by virtue of the unicellular or :anism; 
which multiply within it—still largely eli des y, 
The presence of highly voracious carniv« res ha 
posed the question, how can new genera ‘ons of 
their prey, settling usually from temporar’ life ip 
the plankton above, establish themselves ? T iorson! 
has shown how such settlement occurs \ hen 
least some of these predators are preoccu ied by 
reproduction, when, for instance, the gonac ; of the 


ubiquitous brittle-stars are so enlarged tl at they 
are unable to feed. | 
under- | 


A most notable contribution to our 
standing of the maintenance of these 
communities comes from the work of 


dottom 
D. P. 


Wilson* at Plymouth. He has been tie firs | 


conclusively to demonstrate that the pla :ktonic 
stage which, except in polar seas, occurs in ° 1¢ life- 
history of the majority of bottom living : .verte 
brates need not, on settlement, imm diately 
metamorphose into the adult form and so cemand 
the adult habitat. Where such larvae fall on to: 
substrate unsuitable for adult life they jo not 
change. During a latent, but highly significant, 
period they may be carried about in >ottom 
currents and so encounter a suitable substrat 
where some unknown factor stimulates change to 
the adult form. As recently further stressed by 
Scheltema* in his work on the whelk, Nassariu 
obsoletus, it appears that the presence of detritd 
(or bacterial) food rather than the physical nature 
of the substrata may provide the stimulus. In the 
settlement of epifaunal species there is the added 
factor of gregariousness, larvae settling mos! 
readily in the company of other members of the 
species. 

The nature of the substrate depends on water 
movements: where these are greatest the bottom 
will be of scoured rock as in narrow channels ot 
along the steep sides of fjords. Somewhat dimin- 
ished movement allows the coarsest of gravel ani 
shell fragments to settle but the smaller particles, 
first of sand and then of mud, will be carried 
further to be deposited in quieter water or in the 
stillness of deep pits, such as the Mallard Pit in 
Plymouth Sound. With decrease in particle siz 
the proportion of organic matter increases, tht 
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substrate coming to represent food as well as 
shelter. This applies more particularly to shallower 
water; wit increasing depth, although the bottom 


» is largely «f mud below the level where surface 
movement’ affect it, the proportion of organic 
matter dec~cases. 
| Thus t!: bed of the continental shelf presents 
a series environments due initially entirely to 
water moy ments, the source of the particles which 
| compose t ¢ soft substrates being material carried 
down by : vers and torn by wave action from the 
‘shore. environments must have come into 
‘existence ong before the evolution of living 
organism: ible to exploit their possibilities and to 
add to ti se by formation of organic detritus 
derived fr: 1 the breakdown of their bodies. 
Viewin ‘hese environments as they may origin- 


ally have seen colonised we may regard the hard 
bottoms .; being initially settled by epifaunal 
organism: which either attached themselves to it 
or crawle over it. But the infauna is clearly a 
secondary fauna. It is also a more restricted one. 
Thorson! -stimates it as being only one-fourth as 
rich in sp-cies as the epifauna. He further notes 
that the latter is especially numerous in the 
tropics wiiereas the infauna—the better able by 
burrowiny to escape the extremes of cold in 
shallow waters and intertidally—is about equally 
abundant in all latitudes. Burrowing in mud raises 
greater problems than in clean sand or gravel. 
While the organic matter present represents food 
it is also responsible for local lack of oxygen and 
so raises problems of respiration. Moreover the 
dense medium involves the formation of permanent 
burrows with consolidated walls into which a 
current of water for respiration and sometimes also 
for feeding, must be drawn. This involves elaborate 
structural and physiological adaptations.® So we 
may assume that this environment, however early 
it may have come into being, was colonised rela- 

tively late. This does not, however, imply that 
deposit feeders as such were necessarily preceded 

by suspension feeders in all Phyla. From an epi- 
fauna of most diverse feeding habits, the infauna is 
contrasted by being composed largely of suspension 
and deposit feeders. The former sieve their food 
ftom the water above, the latter collect it from the 
surface or just below this. There are also the 
ptedacious carnivores which come from the epi- 
fauna to invade soft substrates, moving effectively 
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through this to seek out the sluggish, largely 
defenceless, members of the infauna. 

Certainly over the course of evolutionary history 
all areas of the sea bottom have become closely 
settled as a result of a complex criss-cross of 
organic change and adaptation. To think, as we may 
reasonably do, in terms of existing animals, then 
the early evolved sponges and coelenterates are 
both almost entirely members of the epifauna. The 
former represent aggregations of choanoflagellates 
and retain the ancestral method of suspension 
feeding. The coelenterates probably alighted on 
the bottom after early evolution as pelagic animals 
being then, as now, carnivorous and securing their 
prey by tentacles armed with nematocysts. It is 
noteworthy that although these animals, in the 
form of a few sea anemones and cerianthids, have 
penetrated soft substrata, it is never as active 
predators. But as members of the epifauna they 
have had unparalleled success, most obviously in 
the case of the stony corals (Madreporaria) with 
powers of skeleton formation which have added 
vast areas of limestone to the surface of the globe. 
Moreover by virtue of the upward growth of reefs 
and their outward movement against the forces of 
wind and weather, these have come to provide a 
series of environments for life in which all manner 
of epifaunal animals, including species of corals 
themselves, have become adapted. 

Subsequent evolution produced more active 
members of the epifauna—flatworms, nemertines, 
annelid worms and crustaceans—all of which 
crawled freely on their under surfaces or by means 
of appendages and were either carnivorous or 
omnivorous. Suspension feeders were represented 
by the early brachiopods. It was their misfortune 
that, partly through lack of motility, they failed 
successfully to colonise soft substrates. Some of the 
annelids took to infaunal life, as suspension feeders 
such as the sabellids, as deposit feeders such as 
Arenicola and as active predators such as Nepthys. 
A variety of largely omnivorous crustaceans 
accompanied them. The echinoderms were origin- 
ally, and largely still remain, creatures of the epi- 
fauna although the great bulk of the attached 
Pelmatozoa are now extinct. Dependence on 
suctorial tube feet does involve dependence on a 
hard substratum. Nevertheless soft bottoms have 
been successfully invaded by modification of the 
tube feet in the starfish, Astropecten, by the 
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beautiful modification of spines and tube feet in 
the burrowing heart urchins so well described by 
Nichols,® by use of the arms in certain of the 
brittle-stars (Ophiuroids), and more general 
modification of the body in the mud-dwelling 
holothurians. 

However, perhaps not unnaturally, it is on the 
Mollusca that I wish to concentrate attention. 
Here again we are on safe ground in regarding the 
primitive mollusc as an epifaunal animal, crawling 
as do so many of its modern ancestors on a hard 
substratum. In the form from which the great 
modern classes were all derived, it was, I think, a 
very simply constructed animal, certainly much 
simpler than the recently discovered Neopilina.’ 
This could well represent survival, by migration 
into abyssal depths, of an early form before the 
Mollusca attained the secondary simplification 
which so probably represents the reason for their 
enormous subsequent success. Of the six existing 
classes, two (Monoplacophora and Polyplacophora) 
retain the original epifaunal habit; a third (Gastro- 
poda) while still largely of this habit has exceptional 
evolutionary potential and includes infaunal (as 
well as pelagic and even parasitic) members; two 
others (Scaphopoda and Bivalvia) are essentially 
infaunal although members of the second have 
moved on to hard substrata and even back again. 
The last group (Cephalopoda) consists of essentially 
pelagic Mollusca and as such demands no attention 
here, although a few seek at least temporary refuge 
in sand. 

First let us consider the Gastropoda. Here the 
viscero-pallium swung round in the horizontal 
plane to bring the mantle cavity in front so 
presenting both immediate problems and future 
possibilities to the newly emerged Class. These 
early Gastropoda were unaffected in immediate 
habit, remaining on a hard substratum where their 
nearest modern relatives, the Archaeogastropoda, 
live to this day. Indeed movement into a soft 
substratum was impossible so long as the forwardly 
directed mantle cavity continued to house gills, 
initially paired then reduced to one, so elaborate 
as easily to be fouled by incoming sediment. Today 
all such animals, the two gilled key-hole limpets 
(Fissurellidae) and the abolones or ormers 
(Haliotis) together with the numerous archaeo- 
gastropod limpets (Patellacea) and the great host 
of topshells (Trochacea), all extremely abundant 
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under suitable conditions, occur almost «. 
clusively on rocky shores. They abound »n cor 
reefs. 


sented new arrangements in the reno-repr: ductiy 
system which permitted invasion of fre: hwatey 
and even of the land but they also involve: loss of 
the left row of filaments on the remaining gill an 
the attachment of this to the wall of the cav ty fron 
which the single row of filaments now p: djected 
This major simplification by allowing sed: nent t) 
pass easily through the cavity permitte i thes 
gastropods to live in more turbid waters. It also, 
incidentally, enabled them to become ciliay 
feeders and as a result even to become _ ttache 
members of the epifauna such as the wo -m-lik, 
cemented Vermetids and mesogastropod limper 
such as Crepidula and Capulus. By mans of 
ciliary (or in some Vermetids mucous) mec! .anism, 
they exploit the possibilities of suspension feedin: 
while attached to hard substrata.° 

Passage into soft substrata is now also } ossibl. 
An instructive example is supplied by a stuc y of the 
‘hairy snail’, Trichotropis cancellatus whict: I mat 
during a recent visit to the Friday Harbor _abon- 
tory of the University of Washington. This snail 
occurs in vast numbers on bottoms covered with 
accumulations of dead shells, i.e. where wate 
movements are considerable. The animal, «s noted 
by Graham’? for an allied European species, is: 
ciliary feeder. But it is mobile, crawling readil 
when placed in an aquarium but always moving 
high as possible and there becoming motionles, 
holding on with the mantle cavity open and feediny 
on such suspended matter as the water contains. li 
nature it lives on a very unstable substrate but ca 
clearly re-establish itself, on the highest availabk 
place, when this is upset. Its great numbers it 
dicate with what success it exploits the possibilitis 
of life in this unusual environment. 

With little more outward indication of a fund: 
mental change in habit, the auger shell, Tur: 
tella,» 12 has fully exploited the possibilities 0 
infaunal life. Species of this genus are abundal 
almost the world over on muddy gravel bottoms it 
medium depths. They burrow rapidly and then fee! 
as do bivalves; the inhalant opening is fringed wit 
sensory tentacles, the exhalant opening is prolongt! 
into a siphon, unique amongst prosobranch 
which directs the water clear of the mud. Althoug! 
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> notile, the habit of life prevents copulation, sperm 
» entering with the inhalent current. 
Perhaps an even more surprising addition to the 


| infauna comes from members of the superfamily 
| Strombidsc which includes the conchs and spider 
stwaten shells, scies of Strombus and Pterocera™ 
1 lossof > respectiveiy, which lurch ponderously on tropical 
r gillani} shores ard shallow waters, usually on sandy 
vty from} bottoms i: to which the pointed operculum bites 
1 jected. f at each fo: ward movement but into which owing to 
mentt{ the size the shell, they are in no danger of 
ed thee} sinking. / ‘lied to them are species of Aporrhais'4 
. It also, in northe:.. waters which burrow and then, with 
e Ciliay} the prob: :cis, proceed to construct mucus-lined 
ttached} inhalant « exhalant openings so that a respiratory 
m-like,} current be maintained while the proboscis 
1 explores substrate for food. Judging by their 
peans off numbers hardly less successful than Turritella, 
these aninals are pure deposit feeders the dis- 
p feeding} tribution of different species of Aporrhais being 
controlle: by edaphic factors, A. pes-pelecani 
possible} inhabitin, muddy gravel while A. serresiana lives 
1-y ofth| somewhat deeper on a bottom of softer mud. 
t: I mak} Neither can live in the typical habitat of the other 
t Labor} although there is some overlap at the margin of 
This smal} these ares. The allied Struthiolaria’® of southern 
red with} waters has a similar burrowing habit but is a 
re watt} ciliary fecder. 
,as note} The other infaunal mesogastropods are carni- 
cies, ist} vores, notably the ubiquitous naticoids with 
g readi}} smooth rounded shells of a great range of size and 
novings} an enormous foot which carries them relentlessly 
otionles,§ through sandy substrates in pursuit largely of 
id feeding bivalves which they enter by means of a specially 
ntains. hf adapted proboscis. Reference should also be made 
but tothe many scavenging and carnivorous neogastro- 
availabkf pod whelks which plough over or through soft 
mbers itf substrates with inhalant siphon projecting into the 
ssibilitisf water above. Their allies, species of Conus and 
other toxiglossans, form the great epifaunal 
Fa funds predators of warmer seas, actively attacking their 
ll, Tur prey with a long proboscis armed with a poison 
bilities gland apparatus. 
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The Opisthobranchs are so various as to defy 
brief analysis. But, despite the fascinating range of 
feeding habits we associate with groups formerly 
known as tectibranchs and nudibranchs, they are 
largely members of the epifauna. The greatest 
migration from the basic habit is into the surface 
waters where both gymnosomatous and thecosom- 
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atous pteropods abound. Where they do enter soft 
substrata it is as carnivores, creatures such as 
Scaphander and Philine which, unlike the Naticoids, 
swallow their usually bivalve prey whole and then 
break it up in the gizzard. Finally to the extent that 
the pulmonates re-enter the sea, they do so as yet 
other groups of limpets and so as typical members 
of the scraping epifauna. 

The Bivalvia are a Class in which the laterally 
compressed form renders penetration of a soft 
substratum easy while the enclosure, and final loss, 
of the head by the mantle/shell has, with certain 
peculiar exceptions, made them obligatory sus- 
pension or deposit feeders. Here are the supreme 
exploiters of infaunal life, well protected by the 
enclosing shell, active enough with the extensile 
foot, magnificently equipped by gills or oral 
appendages for feeding. With the movement of the 
inhalant opening posteriorly to lie beneath the 
exhalant opening the bivalves became capable of 
head foremost penetration of soft substrata to a 
depth only dependent on the length of the siphons 
to which the mantle margins were posteriorly 
extended. Nevertheless, as we shall see, this pre- 
eminently infaunal group produces highly efficient 
members of the epifauna which, in turn, gives rise 
to further inhabitants of the infauna. 

It is inherently probable that the first bivalves 
were inhabitants of relatively ‘clean’ substrates 
into which, like the modern protobranch Nucula'® 
and lamellibranch Glycymeris,” they burrowed 
superficially drawing in water anteriorly. Yet it 
remains questionable precisely how they fed. 
Nucula is undoubtedly the most primitive surviving 
bivalve but it is also a supremely successful genus 
with many species and these occurring in vast 
numbers. They inhabit, as Allen’ has well shown 
in his survey of those inhabiting the Clyde Sea 
Area, a wide range of bottom condition from 
relatively clean sand to mud. All have small gills 
and long palp proboscides. The latter undoubtedly 
collect bottom deposits in large quantities: the 
former add some smaller quantity of suspended 
matter. In other words the most primitive living 
bivalve is a deposit feeder. While there is reason for 
thinking that the proboscides are not in themselves 
primitive structures, yet some mode of deposit 
feeding by means of the lips—which appears to be 
the case in Neopilina’—does appear a necessary 
intermediary stage before the gills had extended 
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far enough anteriorly and become large enough to 
take over sole responsibility for food collection. 

With equal probability Glycymeris'’ may be 
considered the most primitive of existing suspen- 
sion feeders. It occurs in shell gravel, a grade of 
substrate only a degree less coarse than that 
occupied by Trichotropis. It has no proboscides but 
fully developed filibranch gills and although the 
augmented inhalant current, now the sole source of 
food, is largely anterior this raises no problems 
because the substrate is so open. Without any 
deposition of organic particles, the environment is 
unsuited for a deposit feeder and too coarse for 
other suspension feeders. Consequently Glycymeris 
experiences singularly little competition. 

With the passage of the inhalant opening to the 
posterior end—only partially achieved in Glycy- 
meris and other members of the Arcacea'’—all 
types of bottom become inhabited, most richly 
those brought into existence by swirling currents 
in relatively shallow water such as the Dogger 
Bank in the central southern North Sea. Water 
movements which collect sand particles also 
concentrate the phytoplankton which feeds the 
incalculable populations of Spisula and Mactra. 
These bivalves are examples of the supremely 
successful superfamily Mactracea members of 
which, such as the otter shell, Lutraria, and the 
great Pacific Horse-clam, Schizothaerus, develop 
long siphons and live permanently at depths of up 
to a foot below the surface. Such permanent 
vertical penetration demands efficient removal of 
the inevitable excess of material which enters with 
the inhalant stream.’® Initially concentrated by 
ciliary currents into mucous-laden masses known 
as pseudofaeces this is periodically expelled from 
the inhalant chamber by way of the siphon or a 
separate ventral opening. 

It is evidence of the supreme suitability of the 
bivalves for infaunal existence that such deep 
permanent penetration of the substrate has been 
achieved, independently of the mactrids, in three 
other groups of suspension feeders. In the Myacea, 
which contains representatives in a diversity of 
habitats, there are the well known ‘gapers’, Mya 
arenaria (the American soft-shelled clam) and 
M. truncata. Within the Saxicavacea is the common 
rock-boring genus Hiatella (Saxicava) but also 
the largest and deepest burrowing of all such 
bivalves, namely the geoduck, Panope generosa, of 
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the north Pacific. Finally, in the Adesma-ea, ap 
the pholads* of which the least specialise! mem. 


bers, such as the impressively large species of, ~ 


Zirphaea, burrow into stiff clay so doubtle ss ind. 
cating the manner in which their many mor 
specialised relatives, such as the common } iddock, 
Pholas dactylus, came to bore into rock. / nd this 
brings us to another meeting place of cor vergin; 
evolution because this capacity to bore iro hari 
substrata, this infaunal occupation of ‘hat ; 
essentially the epifaunal habitat, has alo bea 
achieved by many routes. A species of the - Lyacea, 
Platyodon cancellatus* and varied specie: of th 
venerid genus Petricola™* have become roc’ bores 
by the same process. Conquest of this habi .t from 
other directions is mentioned later. 


Much of the adaptive capacity of biv ves i| 


conditioned by the antecedent prese ice of 
structural features. Thus all deep burrow! rs (not 
necessarily borers) evolve from groups in w ‘ich th: 
siphons comprise all three folds of the mant 
margins and so are encased in periostracun .” To 
large to be withdrawn, these siphons could only bk 
maintained if so protected. In other /vivalva 
siphons may be composed solely of thc? inner, 
muscular fold of the mantle margin «nd k 
separate. These conditions of high mobility ani 
siphonal independence have permitted evolution 
of the Tellinacea, a major group of lamell:branci 
bivalves specialised for deposit feeding.*' Ther 
numerous genera and species occupy a wide rang: 
of substrates. They penetrate into those of highes 
organic content where they collect detrital food by 
the groping action of the far-ranging inhalant 
siphon. This material is sorted on the extensitt 
gills and palps and passed into the specialised 
gizzard-like stomach. This applies particularly w 
the intertidal and shallow water species of Tellin, 
to the smaller Abra spp. of medium depths, to tht 
larger, more rotund, species of Macoma whic 
occur the world over and are characteristic of 
certain type of bottom community, and to the mut 
larger, very flattened Scrobicularia which inhabit 
the upper reaches of muddy inlets. This has nakel 
inhalant siphons up to 6 in. long, yet both siphos 
can be completely withdrawn.**4 

Unlike the suspension feeders which may 1 
places literally touch one another, the Tellinac# 
are spaced out, each with its feeding area.*° The) 
may also move horizontally to new feeding surfacs 
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the soft 
) larval bi’ lve settles from the plankton to meta- 
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as well as downward for protection. The large very 
flattened oot projects through so wide a pedal 
gape that connection between the valves at the 
base of thc siphons has to be maintained by the 
special b: cing of the cruciform muscle character- 
istic of th superfamily. 

Either «s suspension or deposit feeders, the 
bivalves : pear irrevocably committed to infaunal 
life. Onl: the grade of bottom material, or the 
presence %r absence of adequate supplies of 
organic « ‘ritus, appear as limiting factors within 
ibstrates they inhabit. But when the 


morphos' into the adult form and assume the 
adult he t, it usually—and possibly invariably 
because > are ignorant of the late embryology of 


many sp: ¢s—possesses a byssus gland at the base 
of the re. ently formed foot. The secreted threads 
provide : tachment during metamorphosis, to take 


| the extre.e case of Teredo, into a form capable of 


boring i: 0 wood. This post-larval organ, for so I 


| would r sard it, has been retained, by neoteny, 
| into adu!- life. This permitted the exploitation of 
_ hard sub trates we associate with the ubiquitous 


byssally «.ttached mussels with many of the Arcas, 
with the pearl oysters (Pinctada) and many other 
typical members of the epifauna. 

These three groups of byssally attached bivalves 
differ in the proportions of the body.?* In Arca the 
shell is equilateral with anterior and posterior ends 
(and adductor muscles) of much the same size. In 
Mytilus the posterior end is enlarged at the expense 
of the anterior end while in the rounded pearl 
oysters the body has been re-organised around the 
solitary posterior adductor. This anterior reduction 
is one possible effect of byssal attachment;*® in 
theory the posterior end could be similarly reduced 
but would restrict the size of the inhalant and 
exhalant openings. Enlargement of the posterior 
end had selective value because it has precisely 
opposite results. Loss of the anterior adductor is 
usually accompanied, as in the pearl oysters, by 
change to a horizontal posture after which the 
under valve (left in the true oysters (Ostraeidae) 
and right in others such as Spondylus or Hinnites)" 
may become cemented to the substrate. Or the 
byssus may migrate to the middle of the under 
surface and become calcified in the saddle oysters 
(Anomiidae). Membership of the attached epifauna 
is thus reinforced. But in certain cases the very 
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nature of the bottom may be changed, effectively 
from an infaunal to an epifaunal habitat. Oysters 
may consolidate a soft substrate to form the 
massive reefs which once bordered hundreds of 
miles along the coasts of Europe and other 
continents until destroyed by over-exploitation. 
Similarly with their byssus threads mussels bind a 
muddy gravel surface so that it becomes an 
environment for an epifaunal community. Kor- 
ringa*® has described the varied fauna found on the 
shells of oysters. 

Attachment in one form or other is not the only 
fate of these monomyarians. They may lose the 
byssus to become free and form the supremely 
successful group of the scallops, species of Pecten, 
Chlamys, or Amussium,*® which, by sudden 
expulsions of water from the mantle cavity—a form 
of jet propulsion—their course directed by 
suitable disposition of the mantle margins, are 
able to execute a variety of swimming and escape 
movements. All of these activities represent 
incidental consequences of mechanisms concerned 
with cleansing of the mantle cavity.2? Owing to 
their shape and mobility, species of scallops 
colonise the surface of soft substrates, for instance 
Chlamys septemradiata,® which lives always on the 
surface of muddy bottoms at some depth. From an 
infaunal life retention of the byssus thus led to 
invasion of hard substrates. By later loss of the 
byssus following major changes in form, freedom 
was regained and with it the capacity to live, hori- 
zontally disposed, on the surface of soft substrates 
in which remote ancestral forms once vertically 
burrowed. 

Byssally attached heteromyarians may also, by a 
different route than the deep burrowers, become 
rock borers. They do so initially by means of the 
byssus which supplies attachment while they force 
their way into relatively soft rocks. Increased 
efficiency comes with greater elongation of the 
shell, the anterior end of which becomes secondarily 
enlarged by increase in the tangential component 
in shell growth. This is the case in Botula,*' a 
mytiloid found in mud stones along the north 
Pacific coast of America. But in the somewhat more 
modified date mussel, Lithophaga,*' byssal threads 
are few but secretion of acid assists boring which is 
confined to calcareous rocks, in which these 
animals may be immensely abundant. Next to 
wave action they, with other borers, are the most 
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potent agents in the destruction of coral rock and 
so responsible for major modification of the 
environment this represents. 

Other heteromyarians have invaded soft sub- 
strates while retaining, indeed increasing, byssal 
secretion. These are the fan shells (Pinnidae)* in 
which the shell is greatly extended posteriorly, the 
animal living vertically embedded in substrates of 
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|POPULATION AND FOOD IN THE TROPICAL 
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f Exped A doze:. years ago Mr. Wendell Wilkie insisted 
ee that the \ orld of our time is ‘One World’, so 


2,1. reduced iv. size by the development of communi- 
Ss. cations ad telecommunications that whatever 
’ ps takes placc in any part of it is of vital concern to all 


the rest. | oday this is a painfully evident truth; 
ov.d. 1%4,| but it is j:. st as true that in almost no other sense 
can the «orld be thought of as a unity. The 
Z ol. ideologics. contrast between the Communist and 

Capitalist worlds is the division that springs first 
a ne to all minis, but others no less fundamental have 
-. also to be reckoned with. 
28. The separateness of the Oriental and Western 
2%, 267. | worlds was emphasised by Halford Mackinder* 
adinb. @ FS 39 years ago, as the outstanding geographical 
1. 58,40,| tesult of the course of human history. He con- 
. trasted the occident, with about a third of the 
Hist. nat.} world’s people living on both sides of the North 

Atlantic between the Volga and the Mississippi, 
e. 3g3, | and the Orient, with half the world’s people in the 
335, | monsoon lands of Asia, and both with the relative 
emptiness of the rest of the world where about a 
sixth of the total population are thinly spread over 
four-fifths of the land surface. He emphasised the 
stability of these great clusterings of humanity and 
the great excess in each of them of the annual 
internal increment of population, which he set at 
five millions in the occident and eight millions in 
the Orient, over the movements of people from 
tither clustering to the other or to the rest of the 
world. This picture still remains a valid presenta- 
tion of the essentials of world population distribu- 
tion and emphasises a sociological division of 
humanity whose political implications we are only 
beginning to discover. 


*H. J. Mackinder: ‘ The Human Habitat’. Presidential 
address to Section E (Geography) at the Centenary 


Meeting of the British Association, London, September 
18, 1931. 
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Here it is my purpose, however, to lay emphasis 
on a division of the world no less fundamental and 
possibly in the long run, though it is no part of my 
purpose to consider the long run, even more 
significant. I refer to the Tropical World. It is a 
world foreign to us, one in which virtually all the 
material conditions of life are different from those 
we know. This difference is basically climatic: the 
tropics have been aptly described as the lands where 
winter never comes, and both nature and society 
in the tropical world are adapted to take advantage 
of this. European man, by contrast, has lived since 
palaeolithic times always under the compelling 
need to survive the winter; and in the major 
extensions of European society in Anglo-America 
and Soviet Asia that necessity has been in no way 
reduced. 

Strictly speaking the tropical lands are those 
bounded polewards by the Tropics of Cancer and 
Capricorn, but for my present purpose the bound- 
aries of the Tropical World must be political 
frontiers. So I include all the Americas except 
Anglo-America in the north and Chile, Argentina 
and Uruguay in the south. This takes in 16-8 sq. 
km. carrying (in 1955) some 155 million people. In 
Africa I exclude only the Atlas Lands in the north 
and the Union of South Africa in the south, but 
for good measure add the lands between the Red 
Sea and the Persian Gulf. Here, in the Afro- 
Arabian tropics, are a further 195 million people on 
28 million sq. km. East of the Arabian sea are the 
lands of the oriental tropics from Pakistan to 
Formosa and the Philippines. The southern coast- 
lands of China are also tropical and alone of the 
Chinese lands escape the rigours of winter—an 
exception of capital importance to the Chinese 
which, however, we must ignore here. As thus 
defined the oriental tropics are estimated to hold 
668 million people on territories that total only 
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8-4 million sq. km. Finally in tropical Australia and 
the islands from New Guinea to Hawaii are another 
4 million people on 1-5 million sq. km. In sum this 
makes (or rather made half a dozen years ago) 
1020 million people on 54-6 million sq. km.—about 
38 per cent of the world’s population on 40 per cent 
of its land area. But the addition sum conceals the 
fact that figures are intended to reveal. Two-thirds 
of the people of the Tropical World live in the 
oriental tropics on only a sixth of the total area; 
the average population density is 80 per sq. km. 
The remaining third are spread over the 46 million 
sq. km. of the Latin American tropics, the Afro- 
Arabian tropics, and the Australo-Pacific tropics 
at densities that are respectively 9, 7 and 3 per sq. 
km. This contrast between the high population 
densities of the whole oriental tropics and the low 
densities of the other great divisions of the 
Tropical World is a fundamental fact in the human 
geography of the area. 

We should note, however, that both high and 
low densities are associated with under-develop- 
ment as that term is currently used. It would 
obviously ill behove a European or a Russian or an 
American to say that the actual land of Java or 
Bengal was under-developed. The numbers of 
families that derive their livelihood from the soil of 
these lands is hardly comprehensible to Western 
minds. But the standards of living of these families 
are little better than those of the forest dwellers of 
Borneo or the Indians of Paraguay, and a world 
away from those we are accustomed to. Under- 
development refers to social, and especially 
economic organisation rather than to intensity of 
utilisation of land, and characterises all the countries 
of the Tropical World without exception, whether 
they be thickly or thinly peopled. Nor is under- 
development exclusive to the tropics, for all the 
countries of the orient except Japan must be so 
classified. Under-development is not a matter of 
either climate or population density. Rather is it a 
question of the stage reached in what before the 
war was called the population cycle but which today 
it is more fashionable to call the demographic 
transition. To this we must therefore now turn. 


Death Control and the Demographic Transition 

The demographic transition is an episode in the 
conditions of growth of a human population 
resulting from changes in its birth and death rates 


from an early state in which both are high to; © scien 
final state in which both are low, through « tran. 7 make 
tional period in which first mortality aad late 7 sulpt 
fertility show marked reductions. Suc! a dy © jnsec 
academic statement, however, gives no hit of th temp 
social revolution that may be involved. ‘J he eath| 7 and 

phase with fertility and mortality both hig 1 is wel} yirtu: 
typified by eighteenth-century England, with;| adyar 
disease-ridden populace, an appalling inf} pecor 
mortality, a very high proportion of childr n int 


i 
; 


meast 
population, and an expectation of life at birth«|  andtl 
only about 20 years so that fewer than 1alf th) © of int 


infants born ever became truly adult. Dr ving th 
nineteenth century improvements in diet, >erson/ 
clothing and cleanliness, housing and sa titation. 
and the introduction of hospitals and pub! healt! 
measures effected great improvements i:: healt! 
conditions and reductions in mortaliiy. Tk 
expectation of life rose—first in the upper : nd late! a 


in the lower classes—to 40 years or mor. Sing a 
birth rates changed but little the excess « f birth 
over deaths increased from year to year and popi- #) 
lation grew increasingly rapidly. This is th» secon! = 
or early-expanding phase of the cycle. 

In the third or late-expanding phase a decline! 
fertility sets in, as was the case in England fron) 
about 1870-80. To the factors responsible fi 
reduced mortality, which we may collectively 
death control, family limitation or birth control 
added. The excess of births over deaths is pr 
gressively reduced, and increase of the total popr 
lation continues at an ever slower rate. In the fin 
phase, which 30 years ago it seemed that sever 
European countries were approaching, the exosf 2 2.2 
of births over deaths becomes so smal! that: 
stationary population ensues. 

Now the tropical lands have long been known!{ United 
lands of disease, and their peoples were wolf us to cc 
recently in the first phase of the cycle. Higf Fig, 


mortality and infant mortality, low expectation "§ birth fo 
life and an age structure with a heavy disproporti({ enclose 
of infants, have been the rule in the twentil agiven 
century in the Tropical World as in eighteenthf weather 
century England, but where economic and soc§ (more t 
betterment of the people have been achieved wil} north-y 
changes of diet, water supply and sanitary obset'{ the one 
ance, striking improvements in health and expect} white S, 
tion of life have followed. Such populations ha} two are: 


already begun the transition. But in the last tht} outside 
decades a new factor has been at work. Medi} Throug! 
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science new has the means and the techniques to 
make a direct attack upon disease. Antibiotics and 


sulphonar:\des save lives that were formerly lost: 
insecticid:. applied on a scale never before con- 

) templated ‘ill the insect vectors of some diseases 

) and inoc.. ation on a massive scale can confer 
virtual i: ‘unity upon whole populations. The 
advance c death control in the lands of disease has 
become . -amatic and rapid. It may best be 

} measured »y increases in the expectation of life, 

andthree 1aps that I have constructed on the basis 


j of inforn. ‘ion contained in recent issues of the 


United Nations Demographic Year Book will allow 
us to consider these increases geographically. 
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Fig. 1 shows the expectation of life of males at 
birth for the year 1920. On it lines are drawn to 
enclose areas where the expectation of life exceeded 
/agiven value, much as isobars are drawn on a daily 
weather map. It will be seen that the highest values 
‘(more than 55 years) are confined to two areas, 
/north-west Europe and eastern North America on 
‘the one hand, and Australia, New Zealand and 


nd expect white South Africa on the other. Away from these 
lations haf two areas the values fall off sharply, showing that 
ye last thit§ outside them death control was still inoperative. 
rk. Medic{ Throughout the Tropical World it was less than 
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40 years, and over large areas probably much less 
as figures of 24 for India, 27 for Mexico and 33 for 
British Guiana forcibly suggest. 

Our second map (Fig. 2) displays the state of 
affairs about 1950 and reveals what great changes 
had been wrought in 30 years. In the lands where 
death control had been effective at the earlier 
period medical science had reinforced the benefits 
of public health and given the people an expectation 
of roughly ten more years of life. The line for 65 
years in 1950 runs much the same course as that for 
55 years in 1920 and encloses a 70-year line round 


Fig. 1.—Expectation of life for males at birth about the year 1920. 


the Scandinavian countries. Values in excess of 
50 years have spread widely over the Mediterranean 
and eastern Europe, and through Soviet Asia to 
link with those of Japan and many Pacific islands. 
Per contra the area where the expectation was still 
less than 40 years had contracted greatly: on 
practically all the margins of the Tropical World 
decisive improvements are manifest: death control 
is advancing into the lands of disease. Yet there 
remain vast areas in southern Asia and Africa and 
some in Latin America, where the improvements 
are still small in comparison with what is possible, 
and in them striking reductions in mortality must 
surely be expected in the next two decades. 
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Fig. 2.—Expectation of life for males at birth about the year 1950. 


The third map (Fig. 3) can be regarded as a map 
of the progress of death control in the twentieth 
century. Only in the Scandinavian countries and 
among the predominantly young populations of 
Australia and New Zealand was the expectation of 
life for males at birth as high as 50 years when the 
century opened. By plotting the date when it first 
attained that value in other countries and drawing 
isochronic lines for each decade we may see very 
clearly how the attainment of this degree of death 
control spread outwards from Scandinavia west- 
wards across western Europe and the Atlantic to 
Anglo-America and the islands of the Pacific and 
the Caribbean, eastwards into central Asia and 
south-eastwards across the Mediterranean to 
Palestine. From the second region of early high 
expectation in Australia and New Zealand it spread 
to Tonga in 1929, Samoa by 1942 and Ceylon by 
1947. In South America death control first became 
effective in the River Plate lands and next in the 
high, cool plateau of Bolivia. Elsewhere in the 
continent our selected value had just been reached 
about 1950 in the major cities, but doubtless still 
falls short of it throughout the interior lands. 

In this pattern we may recognise something of 
far reaching significance for the Tropical World. 
It is not too fanciful to speak of death control 


on the 


having gained several ‘bridgeheads’ 
seaboard of tropical South America, and _.t seems 
likely that the area controlled to a similar degre 
may well expand from these bridgeheads ‘0 cover 
all but the empty interior of the continent by 197). 
In monsoon Asia similar bridgeheads exist in 
Ceylon, Thailand and the Philippines and from 
them control may be expected to extend even mor 
widely. Indeed, if the military metaphor of th 
bridgehead may be extended, it is possible that: 
major ‘break-through’ has already occurred. Th: 
recently reported total of 438 millions for tk 
population of the Republic of India enumerated « 
the census earlier this year is greatly in excess i 
all anticipations (including the current five-yea 
plan) and, what is more important, 75 millions i 
excess of the 1951 population. The figures imply: 
rate of growth not less than 2 per cent per annum 
over the decade. It has been assumed by the Unitei 
Nations Statistical Office for some years that tht 
rate of population growth in India was decided) 
less than the world average, but the new evident 
means that India’s growth rate is decidedly 
higher than the world average, and indeed high 
than that of any major territory outside th 
Tropical World for which data are available. 
Within the Tropical World, however, such raté 
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of increase are common and in some populations 
substantial!y rth rate 
+ available for 62 out of 118 territories in the 
| Tropical \Vorld and with a few exceptions* the 
| figures ret: ‘ned are moderately or very high. The 


exceeded. Crude birth rates are 


arithmetic mean for all 62 is 34-8 per cent and the 
mode 37. ‘or 20 territories the rates are between 
40 and 48 ver cent and for one it is 55 per cent. 
With decl'::ing death rates these figures mean high 
and increa. ing rates of natural increase over much 
or most « the Tropical World. In the middle 
American ~egion from Mexico to British Guiana 
the rate c’ natural increase generally exceeds 30 
per cent 2: d similar rates are found in the Sudan, 
in some i ands and territories of south-east Asia 
and som Pacific islands. These rates can be 
described ‘fferently as compound interest applied 
at 3 per ( ‘nt per annum, a rate which leads to a 
doubling « © capital in as little as 24 years. The rate 


* Angol: 
that have 


Mozambique and Spanish Guinea have rates 
luctuated about 13, 8 and 10 respectively 
over the |':t 10 years while Nyasaland and Paraguay 
have rates (espectively 9 and 13) which in the same time 
have declined sharply from values more than twice the 
present ones. 
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we have possibly got to reckon with for India 
means doubling in 30 years and that for the 
Tropical World as a whole in 35 years. These are 
rates of growth that were never reached in England 
and Wales even during the height of the industrial 
and commercial expansion of the early nineteenth 
century, and the question naturally arises, how, 
and for how long, can they possibly be sustained 
in the tropics today. England’s expanding popula- 
tion was fed by an agricultural revolution at home 
and the power to import food from abroad. Can 
either of these conditions be matched in the 
Tropical World today ? England’s expansion was a 
matter of adding ten millions to a ten million 
population in half a century. Some tropical 
countries are faced with increments much greater 
than this. Egypt and Nigeria each add half a 
million to their populations every year: Java, 
Mexico and Pakistan add more than a million 
apiece: and India, on present showing, may add 
10 millions annually. For all these bodies food must 
be provided: for all these souls the satisfactions of 
a worthwhile life—at the very least some form of 
education and employment. Both in rate and 
magnitude the problems of the Tropical World 
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Fig. 3.—Progress of death control, 1900-1950. Isochronic lines at 10-year intervals indicate the decades in which the 


expectation of life for males at birth first exceeded 50 years. 
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today seem more severe than those of nineteenth- 
century England. How they will be solved I cannot 
say: but unless they are solved all talk of rising 
standards of living is vain self-deception. What it 
falls to a geographer to do is to emphasise the 
framework of the physical and social environment 
within which solutions must be sought. 


Solutions to the Food/Population Equation 


Such solutions can take one of two forms. They 
may aim either at providing greater food supplies 
or at minimising population growth by some sort 
of migration or by birth control. Migration, how- 
ever, as will appear to some extent in the sequel, 
never achieves more than a temporary alleviation 
of population pressure. And in the form it most 
commonly assumes in the Tropical World today, 
namely of migration from the countryside into the 
urban centres and especially into the very large 
cities, it creates problems of under-employment 
and unemployment, of overcrowding and home- 
lessness, of squalid and insanitary slums and 
shanty towns, of vice and immorality, lack of child 
care and education, that have everywhere out- 
stripped the means, and frequently also the will, to 
solution. As to birth control one can say only this. 
However fervently one may hope, as I certainly do, 
that ways and means may be found appropriate 
and acceptable to the peoples of the tropical 
countries, whereby they may be able to achieve 
family limitation, one must accept the unpalatable 
facts that no such means are yet to hand, and that 
even if they were they could have little influence 
on the course of events during the next two 
decades at least. A day may come when migration, 
coupled, as it must be if it is to be in the least 
effective, with stringent family limitation in the 
areas from which the emigrants depart, may serve 
to reduce population pressure in lands in which it 
is most acute. The terraced slopes of the volcanoes 
of Java, the alluvial plains of East and West 
Bengal, the overcrowded sugar islands of the 
Indian Ocean or the Caribbean, or the green ribbon 
threaded by the Nile in Egypt, come at once to 
mind as cases in point, though for the most part 
the populations involved have as little will to 
migrate as they have knowledge of family limita- 
tion. Popular education has a long road to travel 
before migration and family limitation can com- 
bine, as they should, to relieve population pressures. 
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And there are real risks that the process of educ.| ; 
tion may be grimly hastened in one or >thery 
these areas by experience of famine, « pidenic| 
disease, widespread misery and prematur« death, 

Migration and birth control may be for to. 
morrow: for today the provision of grea er foo 
supplies is imperative, and for the achiev: ment 
that end three ways are open. First is the ‘evelop. 
ment of means that make possible the im ortatio, 
of food, second the extension of the reas x 
present under cultivation, and third t! e mor 
intensive use of that area. Of the first two can sy 
little for the problems involved are e: entiall 
economic. Import of food into the Tropic. ! Worl 
from the countries that have surpluses of ssenti: 
foods is perhaps the most limited of all tk 
expedients available. In times and places o  famin 
and distress food may be provided as ct arity o 
aid, but for the rest it must be paid for by expor- 
able produce. A few tropical countries are th 
fortunate possessors of mineral resour:es tha 
enable them to do just that—the oil of V: nezuek 
and the Persian Gulf territories, and th» tin of 
Malaya, Bolivia and Nigeria, are perhaps ‘he mos 
obvious examples. Others can grow con:mericd 
crops, the trees from which we derive our grea 
beverages tea, coffee and cocoa; cane for sugar; th 
plants that yield the fibres cotton and sisi, or oi! 
palms and ground nuts to provide industvial oik. 
All these are important to one territory or another. 
But by and large they must be in competition with 
food crops for space on which to be grown, ani 
unless—as is the case with the very higt-price 
Egyptian cotton—the crop will permit the pur 
chase of more food than could have been grown 0 
the acreage devoted to it, or will permit th 
purchase of fertilisers and machinery to increa: 
production on the remaining ground, cash crop 
will not offer a lasting solution of the difficu- 
ties. 

Extensions to the cultivated area on the other 
hand may offer permanent additions to food ani 
employment resources, though most of them cal 
be achieved only by the diversion of capital ani 
technical effort into fields where they may be slov 
to fructify. There is no lack of empty land in the 
tropics. From a careful examination of the large 
scale maps available to me I have concluded thi 
of all the land between the thirtieth parallels 
north and south latitude (a rather larger area that 
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our Tropical World) 76 per cent is unoccupied— 
that is, without any inhabited place significant 
enough to !:ave a name. Much of this empty land is 
arid deser, some of it is equatorial forest under a 
climate sc wet that primitive peoples, denied the 
use of fire by the climate, have never been able to 
clear it, 2: 1 commercial man has found it impos- 


sibleto without an indigenous labour supply. 


These ex' eme conditions at once lay emphasis on 
the para’ »unt importance of water in the tropics. 


Inthe ari: tropics all extensions of cultivation must 
| await suy ‘lies of irrigation water for which large 


scale eng eering and much capital are needed— 


capital t!_‘, as in the case of the High Dam of the 
Nile, is ot always easy to obtain. In the wet 
tropics ¢ ‘tivation is possible only with elaborate 
water cc. rol and drainage, an art that has been 


carried t’ a high pitch in monsoon Asia, but has so 
far mad. little progress in the wet lands of 
Amazoni . Between the perennially wet and the 
perpetua iy arid tropics are the lands that are 
alternate'y drenched and parched—the lands of 
rainland -ultivation. Towards the deserts the dry 
season b-comes increasingly prolonged and the 
rainfall «{ the wet season increasingly unreliable 
from one year to another, so that on both counts 
rainfalls of 30 to 40 in., such as we are accustomed 
to in the lush green West Midland counties, may 
be quite inadequate, and under such conditions 
cultivation perforce gives place to a sort of 
pasturage. Extensions of cultivation are no doubt 
possible in many areas but ‘dry farming’ or 
conservation practices are not enough and wide- 
spread supplies of irrigation water must be 
provided either from perennial canals, or, as has 
been so successful in the plains of India in the 
last decade, from tube wells. And, if we are to 
avoid a repetition of the disgrace of Kongwa, no 
major extension of cultivation should be made 
before adequate climatological information is 
available. Indeed I cannot over-emphasise this 
point—water is vital to the life of the tropics, and 
in the face of this, our ignorance of the regional 
variations in the hydrological cycle is surely to be 
characterised as culpable neglect. Only in rare 
instances so far have governments appreciated that 
an understanding of the water resources of the 
tropics is a major key—probably the major key—to 
future progress. 

Yet even when plans for the colonisation of empty 
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lands have been wisely made and are based upon 
adequate quantitative investigations of the climatic 
environment and the hydrological situation, and 
even when no major engineering schemes are 
involved the capital costs of well-drilling and water 
supply, irrigation and drainage, are very high in 
relation to the number of colonists concerned. 
Moreover, since, in addition to food crops, cash 
crops must be grown to meet these costs, the means 
of collection, transportation and marketing must be 
created, thereby increasing costs per capita still 
more. Small wonder, then, that the venture newly 
embarked upon by the Government of Pakistan in 
planting settlers from overcrowded Bengal in an 
area of virgin desert, never before irrigated, a score 
or so miles east of the Indus delta and some sixty 
miles south of the Lower Sind barrage at Hydera- 
bad, is confined to a mere 350 families. Or that an 
official publication of the republic of Colombia 
bluntly states that ‘el aumento del area de ex- 
plotacién tiene los graves inconvenientes del alto 
costo de las colonizaciones, con los innumerables 
gastos en las instalaciones de viviendas, caminos, 
etc.’ 

Since neither importation of foodstuffs nor 
extensions of the cultivated area can do more than 
offer local solutions to favoured territories with 
export surpluses or able to attract capital, we must 
examine the prospects of large scale increases in 
the output of food crops from the ground already 
in cultivation. Such increases depend on the inter- 
actions of three strongly contrasted sets of condi- 
tions. In the first place there are the environmental 
conditions, which mean essentially water and soil: 
secondly there are the social conditions concerned 
with the traditional modes of life and husbandry of 
the native peoples: and thirdly there is the 
knowledge of theory and practice that modern 
science can make available. That this last could 
double—and eventually treble and quadruple— 
food production in most of the less developed 
countries is the considered conclusion of Dr. H. L. 
Richardson* of I.C.I. Ltd. and I see no reason to 
dissent from his view. Quite impressive evidence 
of what can be done by proper seed selection, im- 
proved cultivation methods, pest and disease con- 
trol, and especially by the application of fertilisers, 

*H. L. Richardson: ‘ What fertilisers could do to increase 


world food production’, The Advancement of Science, 
Vol. XVII, pp. 472-80. 
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has already been provided by experiments carried 
out in the tropical countries themselves. The know- 
ledge is undoubtedly there: the question is rather 
how can means be found of applying it within the 
framework of existing native societies that are well- 
adjusted to local environmental conditions. 

Among the environmental conditions none is so 
important as the nature of the soil, and among the 
social conditions the mode of husbandry practised 
by the people, and the two are by no means 
unrelated. To these therefore we must give a little 
attention. 


Tropical Husbandry and the Maintenance of 
Soil Fertility 


It is most unfortunate that interest in, and 
exploitation of, tropical soils began many decades 
before their scientific study on the ground had led 
to any proper appreciation of what are their 
essential and what their accidental characteristics. 
In consequence much was said and written that in 
the light of latter-day knowledge can only be called 
nonsense, and highly erroneous notions have 
gained wide currency and even popularity. In the 
enthusiasm of the first days of discovery ‘the 
primeval forest with its majestic trees’ was taken as 
‘evidence of a young and virgin soil’. Closer 
acquaintance revealed some soils that were strongly 
leached and infertile, others that were rendered 
intractable because of concretionary deposits in 
the sub-soil or even appearing at the surface, and 
yet others that were washed away by the rains 
before the eyes of the chagrined planters, and a 
mood of despair and disillusionment followed. 
Many of these views were given extended currency 
by Pierre Gourou in the highly emotional chapter 
on soils which mars his otherwise sane and 
stimulating book, Les Pays Tropicaux. But the work 
of the last two decades, particularly by French 
and Belgian pedologists in Africa, now permits a 
more rational appraisal of the situation. 

From this work I would draw three conclusions 
that are very relevant to our present discussion. 
First, that tropical soils show just as much variation 
in character and fertility as do the soils of extra- 
tropical regions. Secondly, that all tropical soils, 
being produced under conditions of continuous 
high temperature, naturally differ from those that 
sustain the agriculture of the developed countries, 
in the sense that the chemical and physical pro- 
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cesses of pedogenesis are more thorough. Matur | 
soil profiles in the tropics may have depth 
measured in as many feet as some E iropea| 
profiles have inches, and are commonly co nprisei 
mostly of unweatherable or highly w« athere 
ingredients. In the extreme case in the per -nnially 
wet tropics soils may occur that are cor ipletely 
exhausted of their plant nutrients throu hout; 
layer extending many feet below the  urface. 
Thirdly, that in a state of nature under _ fores 
cover in the wet tropics such fertility s full 
developed soils possess is concentrated almos 
entirely in the humic horizon close to the urface. 
It is this last circumstance that justifie thos 
French writers who have spoken of the ‘fi agility’ 
of tropical soils. This precious surface yer i 
indeed fragile and if the equilibrium | etween 
forest and soil is disturbed, as it must be by 
clearing the forest, then chemical changes |ead to 
the loss of valuable plant nutrients; { hysical 
changes in the structure of the soil fo! ow it 
desiccation and exposure to the sun, and in appro- 
priate places to one of the opposed evils of pro- 
gressive induration of the soil or subsoil by 
precipitated iron oxides, or of progressive loss of 
the surface layers by erosion. 

The importance of these soil characteristics 
becomes manifest when we consider the two modes 
of husbandry which are most widely practised in 
the Tropical World—namely shifting cultivation 
in the forest, and rainland cultivation with fallow- 
ing in areas that have been cleared of their original 
woody or grassy cover. Shifting cultivation 
involves stripping the foliage from the trees and 
cutlassing the undergrowth of a patch of forest, 
burning the breast high litter (with the consequent 
destruction of anything up to 400 tons of organic 
matter per acre), planting a number of crops (yams, 
rice, maize, millet, cassava, bananas and vege- 
tables) in association and succession to yicld for 
two or three seasons before declining fertility and 
the invasion of weeds lead to the abandonment of 
the patch and the selection of a new one in some 
other piece of well-grown forest. A family may move 
its field and dwelling through a limited area of 
forest for a generation before returning to fe 
cultivate an old patch. From this description it will 
be seen that the precious humic layer of the forest 
soil is virtually never laid bare, and during the 
period of regrowth of the forest its structure and 
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fertility are regenerated. The system is thus one 
that may b- continued in perpetuity, but imposes an 
obvious linitation on the number of families that 
can live in ‘his way in a given area of forest. There 
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ported by shifting cultivation that is clearly 
indicated sy the average population densities in 
persons +r square kilometre of the following 
territories 
Honduras 3 
Nic: ragua 8 
Gab sa 1 
The Congo 5 


The lim: 
square ki 
when I 

Sutherla: 
densities 
tion inc: 
plantatic 
the 30 o1 
infreque: 
of the pe 


Madagascar 8 
Laos 6 
Sarawak 5 
New Guinea 3 


is certainly not above 10 persons per 
metre. What this means will be realised 

iy that among British counties only 
i (3) and Ross and Cromarty (8) have 
hat are as low. When pressure of popula- 
ases, or if forest land is alienated in 
3 or reserves, the reaction is to shorten 
10-year period of forest regeneration, not 
ly to 10 years or less. Then, in the words 
ologist Duchaufour, ‘the soil structure is 
degrade’, the humus disappears and the soil 
climate i: changed progressively in the sense of 
increasec: desiccation in the dry season: regressive 
evolution is thus begun and is aggravated by every 
succeeding return to cultivation’. There is reason 
to think that this situation is already of wide- 
spread occurrence. 

The second mode of husbandry characteristic of 
the tropical lands—that of rainy season cultivation 
for one or two years followed by a period of fallow 
—differs from the first in being sedentary. Habita- 
tions are fixed, and though the cropped plots 
rotate through an area that area is itself circum- 
scribed and fixed. In the course of the cycle of 
cultivation and fallow every part of it will be 
cropped, and from this springs the other great 
point of difference: under cuitivation with fallow- 
ing the forest is never allowed to regenerate. In 
some areas the fallows are long, up to 6 or 8 years, 
in some they are short: in some wetter areas the 
fallow ground is covered by a dense woody or 
bushy growth; in drier areas the fallows are grassy. 
At best, with long woody fallows, there is some 
regeneration of the organic layer of the soil, but 
since the forest has gone irreparably there can be no 
replenishment of the mineral nutrients drawn up 
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from the deepseated layer of active weathering by 
deep-rooted trees. Nevertheless by careful atten- 
tion to the fallow growth, which may even consist 
of planted shrubs, and by mixtures, successions 
and rotations of crops discovered by experience 
and hallowed by tradition, a good deal may be made 
of the soils. Pressure of population leads to shorten- 
ing of the duration of fallow, and on better soils 
this has been done with moderate success. Vines 
reports an instance where careful management of 
planted bush-fallows in the Ibo country of 
Nigeria has allowed a cycle of 18 months’ cultiva- 
tion followed by only 4 years fallow to be continued 
for over 40 years with ‘relatively satisfactory 
maintenance of yields’. However, in poorer soils 
in the same area he reports that ‘the farmers only 
found it possible to grow one crop of cassava after 
seven years of dense woody-fallow growth’. 

The population densities that can be supported 
by such cultivation vary with the length of the 
cycle of cultivation and fallow from a lower limit 
of 20 or 30 to the sq. km., which is comparable to 
that of our own relatively empty counties like 
Berwickshire or Westmorland, up to densities that 
may be as high as 150 to the sq. km., which is 
much higher than any rural densities found in this 
country. At such high densities holdings are very 
minute and signs of overcrowding are not wanting. 
But in point of fact even higher densities are known 
to occur in India, in east Java and Madura (400 
per sq. km.), in parts of Nigeria, and probably 
elsewhere. In all such cases the system shows signs 
of breaking down, and, as Gourou has suggested, 
such high densities in Nigeria can hardly be other 
than recent phenomena. Some land around the 
houses is continuously cropped and an attempt is 
made to maintain its fertility with human and 
household wastes, but the remainder suffers. Vines 
has described districts in the Ibo county of Nigeria 
where population densities are believed to attain 
400 per sq. km.; he describes how, away from the 
‘compound land’ near the houses, one may see 
‘an irregular mosaic of poor patches of crops and 
land under fallow’ with much grass and bracken 
invading what should be bushy fallows, and much 
ground covered only by a creeping Selaginella. 
He notes that the area is not self-supporting in food, 
and Harrison Church, in discussing the same 
districts, speaks of alleviation by temporary 
migration or by renting farms in other parts of the 
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country. It is worth quoting Vines’ conclusion: 
‘The soils after many years of cropping can only 
be described as infertile [sic]. However, since the 
rate of loss of humus is not great and most of the 
soil is unlikely to suffer much from erosion .. . it 
appears that the use of fertilisers in suitable 
rotations should maintain fairly good crop yields; 
the practical possibility of this depends largely on 
the relation between the cost of imported fertiliser, 
the local price of foodstuffs, and the organisation 
of production to enable the fertiliser to be paid for 
from the proceeds of the export of oil palm 
produce and possibly other commodities.’ Verbum 
sapienti. 

My picture of tropical husbandry would be left 
very unbalanced if I made no mention of the 
industrious cultivation which supports the teeming 
millions of Egypt, Java, the plains of Hindustan, 
the delta lands of Indo-China or the high intermont 
basins of Mexico. Here humanity has discovered 
and learned to utilise the most fertile soils of the 
Tropical World. But on those soils man has 
multiplied his numbers to the point where the 
same problems that we have just been considering 
all reappear, but at a greatly enhanced level of 
population density. Densities are commonly 200 to 
400 per sq. km.—that is densities comparable to 
those of the mining and industrial counties of 
England: and in extreme instances they may exceed 
1000 per sq. km., which is a figure comparable to 
that for Lancashire including Manchester, Liver- 
pool and all its lesser industrial towns. At these 
high pressures of population, of course, two and 
sometimes three crops are taken from the same 
land each year, but signs of overpopulation are 
manifest in the acute subdivision of holdings, the 
endemic rural unemployment and under-employ- 
ment, and, in certain cases where it is locally 
possible, by outward migration, especially of the 
males. A striking instance of such migration is that 
of more than half a million Bengalis, mostly from 
the district of Mymensingh into Assam in the 
present century. But the important thing to note 
is that despite the large numbers involved this 
migration is to be looked upon only as a symptom 
and not as a remedy. During the period in which it 
was most active (1911 to 1931) the density of 
population of the district of Mymensingh rose by 
13 per cent from 280 to 317 per sq. km. and, in the 
words of Kingsley Davis, the migration simply 
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‘ promises to bring to the new territories co: ditions 
virtually identical with those from which th 
migrants have fled’. 
If, in conclusion, we consider the 7 ropica | 
World as a whole two points need to be emp) :asised, | 
The first of these concerns fertilisers. It 1 \ust be 
remembered that for far the greatest part ropica! 
husbandry is carried on without either mar ures or 
fertilisers and that—with some important excep- 
tions of which Egypt is the most conspicuo s—the 
methods of maintaining the yields of ter :perat 
soils that have been evolved in Europe o: Chin 
have no place in the tropics. Of the thre > great 
modes of husbandry shifting cultivation ecures 
low but perennial crop yields from a given t: rritory 
by effecting only the minimum disturbanc: in the 
natural equilibrium between soil and forest Yields 
in such areas can only be raised by subs: ituting 
some entirely different mode of hus! andry. 
Floodland cultivation of rice secures hij h and 
perennial yields by cropping soils that ar« either 
inherently fertile or have their fertility rene ved by 
annual flooding. And in the lands of alte-anating 


wet and dry seasons with cultivation in th« rains, | 


soil fertility has certainly been reduced by cv ntinv- 
ous cultivation, though the reduction is o {set 
far as possible by fallowing. The soils are certainly 
no worse than the soils of temperate Europe would 
be if treated in the same way— indeed, bec:.use of 
the rapidity with which plant residues break down 
in the tropics and vital nutrients are mobilised in 
the soil, the practice of fallowing is more effective 
than it would be in Europe. Herein obviously lie 
hope: what has been done in Europe can be done 
in the tropics. It is not desirable, as some agti- 
culturalists thought a generation ago, to substitute 
European style crop rotations and cultivation 
practices for those of the tropics, but it is very 
necessary to find ways of bringing to tropic 
husbandry the benefits of scientific knowledge ant 
especially of appropriate fertilisers. The averagt 
yield of wheat per acre in Pakistan today is no mor 
than that of England in the fifteenth century ani 
only a quarter of the modern yield. That it can 
certainly be raised is dramatically shown by the 
way in which the average wheat yield of Mexico— 
the most advanced of all the tropical countries— 
has been doubled in the last ten years. The staple 
food grain of Mexico, however, is maize not wheat 
and here the National Maize Commission created 
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1 in 1947 is undertaking an agricultural revolution. 


entres supply hybrid maize for seed, 
Itivation techniques and necessary 
nd already the national harvest is three 
it was twenty years ago. Even in the 
ensive rice cultivation the possibilities 
more food from the soil are far from 
[he average yield of rice per acre in 
is no more than the yield in Japan nine 
uries ago, and only a quarter of the 
yvanese yield. Small wonder that the 
has recently been made that the best 
estern aid to India could take might be 
: of forty or more regionally distributed 
ants. 
er general point concerns population 
‘e have seen that overpopulation is not 
the areas having numerically the high- 
ition densities. Regions of shifting 
are probably overpopulated at 10 
r sq. km., and we have at present no 
‘perience of any system that could be 
y substituted for it to relieve such over- 
in wet forest environments. Plantation 
may supplant it locally and absorb 
vour, but an evolutionary solution to 
m is still to seek. Lands of rainland 
may become overpopulated at a variety 
f density from 100 to 200 or even 400 
r sq. km. according to the fertility of the 


soil and the efficacy of the cultivation and fallowing 
practices followed. But the spread of death control 
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increases the pressure on all such areas and leads 
to too intensive a use of the soil and progressive 
deterioration of its productivity. The paddy fields 
of the oriental tropics may sustain even the highest 
of these population densities with ease—if the 
unremitting toil of so many bodies may be called 
ease: but over large areas population presses very 
heavily on the means of subsistence and cannot 
support further increases without risk of gross 
under-nourishment, loss of working capacity, and 
increased liability to endemic or epidemic disease. 
Thus at all levels of population density and in all 
parts of the tropics areas of over-population exist 
and may be expected to become more numerous. 

Time, we say, waits for no man: but today in the 
Tropical World man’s reproductive capacities 
outstrip time. Time moves at uniform pace with 
equal steps: population increase, quickened by 
death control, moves with accelerating tempo. 
China has attempted to resolve the dilemma of 
adjusting social change to the pace of population 
increase by ‘the great leap forward’ of social 
revolution. Can evolutionary processes based on 
serious study of the environmental, economic and 
social problems involved meet the predicament in 
which the countries of the Tropical World are 
already beginning to find themselves? To that 
question surely we, the physical and social 
scientists of the Western world, can give only one 
answer. And so, sooner or later, but the sooner the 
better, we must address ourselves wholeheartedly 
to the problems involved. 
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Visual Aids for Mathematics Teaching 


The Education Department of Associated 
Electrical Industries (Manchester) Ltd. (previously 
Metropolitan-Vickers Co. Ltd.) have recently 
published a very interesting booklet entitled 
‘Visual Aids’. This is intended to assist teachers 
of mathematics in industry and in technical 
colleges, and provides detailed information on the 
design and use of a whole series of models which 
can readily be constructed by the workshops of a 
college or training department. These are intended 
to help students understand simple arithmetical, 
algebraical and geometrical relationships of a kind 
required by most people in industry. They will be 
particularly useful for those in the craft grades of 
employment. Contents of the booklet are based on 
information provided by Siemens & Halske 
Works School in Berlin and are as follows: 


Three angles of a triangle are equal to two 
right angles 

Angle subtended by a diameter of a circle is a 
right angle 

Teaching of ratios 

Pythagoras’ theorem 

Algebraic expressions 

Circumference of a circle 

Area of a circle 

Guldinus’ theorem 

Volume of a pyramid 

Volume of a frustrum of a pyramid 

Ratio of volumes of a cone, sphere and cylinder 

Calculation of weights of castings 

Principles of mechanics 

Drawing an ellipse 

Drawing exercise 

Helix angle of a screw thread 

Tool rake angles 

Inspecting components for true shape. 


Each demonstration model is chosen to demon- 


strate effectively one point and this may tend y 
restrict its use. An important exceptio: is th 
illustration of the calculation of the w: ight of 
castings—a device which could find a v: riety of 
applications. 

In view of the concern today about me hods of 
mathematics teaching, a publication of thi_ kind 
to be welcomed, since it offers one appi ach 
imaginative visual illustration. 

If A.E.I. contemplate a further editior of thi 
booklet, they would be well advised to ch: nge th 
present title, which is far too general in cl aracter, 
and might easily be overlooked by mat! ematic 
teachers. 

Copies of the booklet and further details may bx 
obtained from: The Education Depzrtmen, 
Associated Electrical Industries (Manchester 
Ltd., Trafford Park, Manchester. 


Engineering Slides 


The Institution of Civil Engineers has produce! 
a 1961 Edition of their Slide Library Catalogu. 
This provides details of slides on a wide range! 
subjects including aerial photographic mappisi 
lecture; anti-mosquito methods; coast crosiot; 
electricity grid system; flood control ; locomotive’ 
refuse disposal; tramways; water supply, and ver 
many others. 

Well over 2000 slides are included in the library 
These are available to members of the Institut 
and organisations or lecturers interested in th 
work of professional engineers. The slides a 
available on free loan, the borrower paying th 
return postage. They should be ordered at least |! 
days in advance of the date required. Copics of tht 
catalogue may be obtained from: The Institutia 
of Civil Engineers, Great George Street, |.ondos 
S.W.1. 
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\TALOGUE OF WALLCHARTS 


Revised and enlarged Edition, 
January, 1961 


EDUCATIONAL FOUNDATION FOR 
VISUAL AIDs, 


EEN ANNE STREET, LONDON, W.1 


of this new edition of the E.F.V.A. 
of Wallcharts is ‘to provide one com- 
f charts suitable for use in schools, so 
cs, education authorities, and others may 
ad a concise reference to all the charts 
1 any particular topic’. 
lecided to include in the catalogue all 
ecific teaching value designed especially 
isplay at least 10 in. x 15 in. in size. 
ied by commercial firms as advertising 
included so long as they have teaching 
ire not solely advertisements. 
y comprehensive list of charts includes 
es of material on science, six pages on 
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health and hygiene, a page on agricultural science, 
twelve pages on industrial processes, and four 
pages on domestic science. In addition there is 
material on physical and economic geography, and 
regional geography, some of which will be of 
interest to the scientist. 

The level of the material varies from ‘Aids to 
Arithmetic’, designed for primary school children, 
to ‘Human Anatomy and Physiology’, a series 
designed by Sir William Turner, Professor of 
Anatomy, University of Edinburgh. 

Providing, as it does, details of many hundreds 
of charts from over one hundred different sources, 
this is an important work of reference for those 
who wish to use this form of visual presentation 
for teaching. Whilst the purpose of this catalogue 
is to cater for the needs of school-teachers, many 
of the charts would be valuable in other fields of 
education. 

The catalogue is available, price 2s. 6d., direct 
from the Educational Foundation for Visual Aids, 
33 Queen Anne Street, London, W.1. 
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The Language of Mathematics. By Dr. F. W. Land. 
(John Murray, 1961) 264 pp. 21s. net. 


This is a delightful book which will be read with 
pleasure by those who have a sound working 
knowledge of mathematics, and with profit by 
those whose competence is below O-level. The 
text conveys the enthusiasm which the author feels 
for the subject to which he has devoted his life, 
the book is beautifully printed, and the illustrations, 
which are exquisitely drawn, have an appeal 
entirely in their own right. 

The book begins with six chapters on arithmetic 
in which the reader will find something on the 
classical arithmetica, as well as a commentary on 
present-day commercial arithmetic, with some 
appraisal of the English system of units, e.g. the 
furrow might have been ‘the distance oxen could 
pull a plough before having to pause for breath’. 
There is a nice treatment of the calendar with some 
mention of the Jewish and Moslem years. Then 
follow four chapters with algebra as the central 
theme, though the range is wide and we are soon 
considering the length of piano strings, the whirls 
on a nautilus and the arrangement of florets in the 
head of Compositae. 

The two chapters on geometry and trigono- 
metry have something to say about topology and 
such intriguing exercises as the four-colour prob- 
lem, and there is a very worth-while discussion of 
the Fibonacci sequence and Euclid’s golden sec- 
tion. The last chapter on statistics is, as one would 
expect, a careful discussion of normal distribution, 
scatter diagrams and correlation, but it is likely 
to prove too ambitious in scope for readers who 
have no previous acquaintance with this branch 
of mathematics. 

There are a few blemishes; most of them are 
misprints but it is suggested that (p. 118) 2 is not 
multiplied by itself five times to make 32; the 
drawings (p. 156) should be altered either to per- 
spective or isometric; it is a pity (p. 171) to say 


that the three angles of a triangle ‘add ip to; 
straight line’; 105-65 (p. 237) is not 105-¢ (to on 
place of decimals); the formula for < andar 
deviation should be quoted before it s use 
(p. 237). 

These, though important, are of minor signif- 
cance in comparison with the general e> :ellen: 
of the whole work. It deserves to be fi und in 
every school and training college libri ry, fa 
only by imparting to the younger ge eration 
the thrill of ‘number’ and of ‘shape’ can \ e hop 
to raise the standard of achievement in mat! ematis 
in the population as a whole; on this — epends 
almost all our future development in scie ice ani 
technology. 

J.L 


Other Books Received 


Radio Astronomy. By F. Graham Smith. (!’engun 
Books Ltd.) 7s. 6d. 

Isotopes. By J. L. Putman. (Penguin Books Ltd. 
8s. 6d. 

Health and Hormones. (Penguin Books Ltd.) 4s. 

Automatic Language Translation. By A. G 
Oettinger. (Oxford University Press.) 80s. 

Vibrations from Blasting Rock. By L. Don Let 
(Oxford University Press.) 27s. 6d. 

Rival Theories of Cosmology. By H. Bondi, W. 3 
Bonner, R. A. Lyttleton, G. J. Whitrov 
(Oxford University Press.) 9s. 6d. 

The Secondary Technical School. By Reese Edwari 
(University of London Press Ltd.) 15s. 
Intelligence and Attianment Tests. By Philip £ 
Vernon (University of London Press Lid. 

18s. 

Russia’s Rockets and Missiles. By Albert Part 
(Macmillan & Co. Ltd.) 25s. 

Concise Physics. By T. M. Yarwood. (Macmilla 
& Co. Ltd.) 21s. 

Atomic Physics. By J. M. Valentine. (Englis 
Universities Press Ltd.) 7s. 6d. 
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The Technique of Optical Instrument Design. ByR.]J. 
Bracey. (English Universities Press Ltd.) 35s. 

Models ar:’ Analogues in Biology. Edited by J. W. 
L. Peament (Symposia of the Society for 
Experimental Biology). (Cambridge Univer- 


sity 


ress.) 50s. 
~— [) Materials for Nuclear Engineers. Edited by A. B. 
7 McI:osh and T. J. Heal. (Temple Press 
Ip Boo 138. 
(to one Physical semistry for Students of Pharmacy and 
: ae Biol: -y. Second Edition. By S. C. Wallwork. 
(Lor mans.) 18s. 
| The Mo: our nearest celestial neighbour. By 
signi Zdev Kopal. (Chapman & Hall.) 25s. 
Handboo'. of Abnormal Psychology. By H. J. 
fvund ix (Pitman Medical Publishing Co. 
Lt 
Mathema: cs and the Physical World. By Morris 
h a Klin. (John Murray Publishers Ltd.) 25s. 
Principles of Human Genetics. Second Edition. By 
‘ pa Curt Stern. (W. H. Freeman and Co.) 68s. 
_ Science a’ the Forester. By Leslie Wolff. (G. Bell 
ie ice and & Sons 
C 5.) 15s. 
") Tools of Biological Research. Edited by Hedley 
Atkins. (Blackwell Scientific Publications 
Oxford.) 37s. 6d. 
A short history of Technology. By T. K. Derry and 
(Penguis Trevor I. Williams. (Oxford, at the Clarendon 
Press.) 38s. 
yoks Ltd)— | Plant Marvels in Miniature. By C. Postma. (George 
|  G. Harrap & Co. Ltd.) 45s. 
td.) 4. , British Nuclear Power Stations. By Rolt Hammond. 
, A. GE (Macdonald & Co. (Publishers) Ltd.) 25s. 
ss.) 80s. i Magnetic Materials in the Electrical Industry. By 
Don Letf § P.R. Bardell. (Macdonald & Co. (Publishers) 
| Ltd.) 32s. 6d. 
di, W. BE Science and the Farmer. By F. R. Elwell. (G. Bell 
Whitrowf Sons.) 15s. 
| Semi-Micro Qualitative Analysis. By T. A. Muir. 
»Edwark  (Heinemann.) 3s. 


5s. \ Practical Heredity with Drosophila. By Gordon 

Philip Ef Haskell. (Oliver & Boyd.) 10s. 6d. 

ress Ltd) Section Cutting in Microscopy. By H. F. Steedman. 
_ (Blackwell Scientific Publications Ltd.) 20s. 
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Current Probelms in Animal Behaviour. By W. H. 
Thorpe and O. L. Zangwill. (Cambridge 
University Press.) 45s. 

Mathematical Puzzles and Diversions from ‘Scien- 
tific American’. By Martin Gardner. (G. Bell 
& Sons.) 17s 6d. 

The Challenge of Fusion. By D. Curry and B. R. 
Newmann. (D. Van Nostrand Company Ltd.) 
Als. 6d. 

Carnegie Institution of Washington Year Book 59. 
(The Lord Baltimore Press Inc.) 

Frontiers of Astronomy. By Fred Hoyle. Mercury 
Books. (Heinemann Group.) 12s. 6d. 

Augustine to Galileo. Vols. 1 and 2. By A. C. 
Crombie. Mercury Books (Heinemann Group.) 
7s 6d. and 7s. 6d. 

Essays in Biography. By. J. M. Keynes. Mercury 
Books. (Heinemann Group.) 7s. 6d. 

A Handbook of Anthropometry. By M. F. Ashley 
Montagu. (Blackwell Scientific Publications 
Ltd.) 40s. 

Geology of Ben Nevis and Glen Coe. By E. B. Bailey 
and H. B. Maufe. (H.M.S.O.) £1 15s. 

Introduction to the Statistical Dynamics of Auto- 
matic Control Systems. By V. V. Solodovnikov. 
(Dover Publications. 180 Varick St. New 
York 14.) $25. 

Applied Thermodynamics. By S. H. Bransom. 
(Van Nostrand.) Cloth 30s. Student, paper- 
back 22s. 6d. 

1001 Questions answered about the New Science. By 
David O. Woodbury. (George G. Harrap & 
Co.) 15s. 

Waves and the Ear. By Willem A. Van Bergeijk. 
John R. Pierce and Edward E. David, Jr. 
(Heinemann.) 5s. 

The Physics of Television. By Donald G. Fink and 
David M. Lutyens. (Heinemann.) 5s. 

Crystals and Crystal Growing. By Alan Holden and 
Phylis Singer. (Heinemann.) 10s. 6d. 

The Birth of a New Physics. By 1. Bernard Cohen. 
(Heinemann.) 5s. 

A Grammar of Human Values. By Otto Von 
Mering. (University of Pittsburgh Press.) 
Paper $3.50, Cloth $4.50. 


ert Part i The Meaning of Evolution. By George Gaylord 
Simpson. (Oxford University Press.) 11s. 6d. 
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The following list of titles is published by courtesy of the National Book League. Full notes on thee book 4 
will be found in Supplement 4 to SCIENCE FOR ALL, an annotated reading list published for the N.B.1 . by ty) Fit 


Cambridge University Press. 


GENERAL 


Bronowski, J. SCIENCE AND HUMAN VALUES. 
Hutchinson, 1961, 12s. 6d. 96 pp. 


DISCOVERY: developments in science examined by 
Sir Edward Appleton and others. Methuen 
for Granada TV 1961, 12s. 6d. viii, 144 pp. 


Eiseley, Loren. THE FIRMAMENT OF TIME. Gollancz, 
1961, 16s. 183 pp. 


Hill, A. V. THE ETHICAL DILEMMA OF SCIENCE, AND 
OTHER WRITINGS. O.U.P. for Rockefeller 
Institute Press, 1961, 52s. 395 pp. 


PENGUIN SCIENCE SURVEY, ed. by Arthur Garratt. 
Vol. 1. Penguin, 1961, 6s. 239 pp. 12 pp. half- 
tone illus., text figs. 


Pyke, Magnus. THE BOUNDARIES OF SCIENCE TODAY. 
Harrap, 1961, 15s. 224 pp. 8 half-tone plates, 
2 diagrams. 


RECENT ADVANCES IN SOVIET SCIENCE. Introduction 
by A. A. Nesmeyanov. Harrap for Todd 
Publishing, 1961, 25s. 256 pp. 


Schneer, C. J. THE SEARCH FOR ORDER: the develop- 
ment of the major ideas in the physical sciences 
from the earliest times to the present. E.U.P., 
1960, 21s. xvii, 398 pp. 52 text figs. 


THE HORIZON BOOK OF SCIENCE. Paul Hamlyn 
(Books for Pleasure), 1961, 9s. 6d. 160 pp. 
Photographs and diagrams (32 in colour) on 
almost every page. 


Thomson, Sir George. THE FORESEEABLE FUTURE. 
2nd edn. C.U.P., 1960, 13s. 6d. 145 pp. 
8 plates. 


HISTORY 


Derry, T. K., and Williams, T. I. A SHORT ‘IsTory 
OF TECHNOLOGY FROM EARLIEST TI {ES 10 
A.D. 1900. O.U.P., 1960, 38s. xviii, 82 pp. 
Frontis., 353 text figs. 


Josephson, Matthew. EDISON. Eyre &  spottis- 
woode, 1961, 42s. xii, 511 pp. 16 pp. h If-tone 
illus. 


MATHEMATICS 


Adler, Irving. THE NEW MATHEMATICS. Muller 
(Mentor), 1961, paper, 4s. 192 pp. 


Steinhaus, H. MATHEMATICAL SNAPSHOTS. 3rd eda. 
rev. O.U.P., 1960, 48s. 327 pp. Hulf-ton 
illus. and diagrams in the text throughout. 


PHYSICS 


Einstein, A., and Infeld, L. THE EVOLUTION OF 
PHysics. Paperback edn. C.U.P., 1961, 
13s. 6d. 302 pp. 3 half-tone plates, text figs. 


Jeans, Sir James. SCIENCE AND MUSIC. Paperback 
edn. C.U.P., 1961, 12s. 6d. x, 258 pp. 10 pp. 
half-tone illus., 64 text figs. 


Lorenz, Friedrich. THE MYSTERIOUS WORLD Oi 
rays. Trans. by E. Osers. Harrap, 19, 
11s. 6d. 144 pp. 


ASTRONOMY AND ASTRONAUTICS 

Bailey, K. V. TELESCOPES AND OBSERVATORIES. 
Muller (Mechanical Age Library), 1960, 9s. 64 
144 pp. 12 pp. half-tone plates, line drawings 


Boyd, R. L. F. SPACE RESEARCH BY ROCKET AN) 
SATELLITE. Hutchinson (Arrow Books), 1%); 
10s. 6d.; paper, 5s. 126 pp. 
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Cleator, P. E. AN INTRODUCTION TO SPACE TRAVEL. 
Mus¢:im Press (Brompton Library), 1961, 15s. 
160 14 half-tone plates. 


A. THE SURFACE OF THE MOON: ITS 
‘URE AND ORIGIN. Hutchinson, 1961, 
, 128 pp. 10 plates, 15 text figures. 


Firsoff, 


Michael. ARTIFICIAL SATELLITES. Penguin 
ig val, 1961, 5s. 128 pp. Photographs, 
iag ms by Kenneth James. 


lin. CHANGING VIEWS OF THE UNIVERSE. 
» Spottiswoode (A Survey of Astronomy), 
15s. 206 pp. 


, Jord-Christian. REACHING FOR THE MOON: 
count of technical achievements and 
y diate prospects in space travel. Trans. 
‘lan G. Readett. Hodder & Stoughton, 
21s. 224 pp. 47 photographs, 19 line 


e Von Braun, Wernher. FIRST MEN TO THE MOON. 
: Muiler, 1961, 13s. 6d. 96 pp. Illus. by Fred 
Freeman. 


OCEANOGRAPHY 


> Clarke, Arthur C. THE CHALLENGE OF THE SEA. 
F Muller, 1960, 12s. 6d. 159 pp. 8 pp. plates. 


; Herald, Earl S. LIVING FISHES OF THE WORLD. See 
under ZOOLOGY. 


| BIOLOGY 


" Beck, William S. MODERN SCIENCE AND THE NATURE 
OF LIFE. Penguin (Pelican), 1961, 4s. 315 pp. 


Nicolle, Jacques. LOUIS PASTEUR: A MASTER OF 
. SCIENTIFIC ENQUIRY. Hutchinson, 1961, 35s. 
196 pp. 8 plates. 


PENGUIN SCIENCE SURVEY 1961, Vol 2, ed. by S. A. 
Barnett and Anne McLaren. Penguin, 1961, 
6s. 251 pp. 8 pp. half-tone illus., diagrams in 
text. 
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Wallace, Bruce and Dobzhansky, Theodore. 
RADIATION, GENES AND MAN. Methuen, 1961, 
18s. xii, 205 pp. Diagrams. 


Williams, Harley. GREAT BIOLOGISTS. Bell, 1961, 
13s. 6d. 159 pp. 8 pp. half-tone illus. 


BOTANY 


Duperrex, A. ORCHIDS OF EUROPE. Trans. by A. J. 
Huxley. Blandford Press, 1961, 25s. 235 pp. 
32 colour plates, 120 text figs. 


Salisbury, Sir Edward. WEEDS AND ALIENS. Collins 
(New Naturalist), 1961, 30s. 384 pp. Colour 
frontis., 29 photographs, 34 line drawings, 
maps. 


EVOLUTION 


Cornwall, I. W. THE MAKING OF MAN. Phoenix 
House, 1960, 10s. 6d. 63 pp. Illus. throughout 
by M. Maitland Howard. 


Swinton, W. E. THE STORY OF PREHISTORIC ANIMALS. 
Rathbone (Wonderful World), 1961, 21s. 
Illus. on every page (many in colour): 
27 paintings by Maurice Wilson, line drawings 
and photographs. 124 x 9} in. 


ZOOLOGY 


Buchsbaum, R., and Milne, L. J. LIVING INVER- 
TEBRATES OF THE WORLD. Hamish Hamilton 
(World of Nature), 1961, 63s. 303 pp., incl. 
292 photographs (144 in colour), 23 drawings. 
11 x 8} in. 


Darling, F. Fraser. WILD LIFE IN AN AFRICAN 
TERRITORY: A STUDY MADE FOR THE GAME AND 
TSETSE CONTROL DEPARTMENT OF NORTHERN 
RHODESIA. O.U.P., 1960, 25s. 160 pp. Colour 
frontis. 


Goodwin, Derek. INSTRUCTIONS TO YOUNG ORNI- 
THOLOGISTS. II: BIRD BEHAVIOUR. Museum 
Press (Brompton Library), 1961, 12s. 6d. 
123 pp. 16 half-tone illus. 
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Herald, Earl S. LIVING FISHES OF THE WORLD. 
Hamish Hamilton (World of Nature), 1961, 
63s. 304 pp., incl. 300 illus. (145 in colour). 
11 x 8} in. 


Mackworth-Praed, C. W., and Grant, C. H. B. 
BIRDS OF EASTERN AND NORTH-EASTERN AFRICA. 
Vol. 2. 2nd edn. Longmans, 1961, 50s. 1173 
pp. 43 plates in colour, 13 pp. photographs, 
distribution maps in text. 


TECHNOLOGY 

Abel, Deryck. CHANNEL UNDERGROUND: A NEW 
SURVEY OF THE CHANNEL TUNNEL QUESTION. 
Pall Mall Press, 1961, 17s. 6d. 127 pp. 5 half- 
tone plates. 


Boumphrey, G. ENGINES: AND HOW THEY WORK. 
Vista (Illustrated Science), 1961, 25s. 255 pp. 
8 colour plates ; 174 diagrams (many full-page) 
in line and colour. 


Carter, E. F. HYDRO-ELECTRIC POWER. Muller 
(Mechanical Age Library), 1960, 9s. 6d. 
143 pp. 12 pp. half-tone illus., 15 diagrams in 
text. 


New 


PITMAN 


THE ECOLOGY 
AND LIFE HISTORY OF 
THE COMMON FROG 


By R. Maxwell Savage, M.A. (Cantab.) 
Ph.D. (Lond.), F.R.I.C. 


In this fascinating new work, Dr. Savage 
incorporates many new theories and findings in- 
cluding material from the scientific papers for 
which he is well known. The treatment in the 
book is mainly ecological but there are excur- 
sions into biochemistry, parasitology, anatomy 
and physiology. This book will prove a worth- 
while text for anyone interested in zoology in 
general or amphibia in particular. 25/- net. 


fro 


Hall, Charles A. HOW TO USE THE MICROS7OPE;; | © 
guide for the novice. 5th edn., rev. by E.F | 7 
Linssen. A. & C. Black, 1960, 9s. 64. 80 pp. | 7 


15 photographs, 13 text figs. 


Hammond, Rolt. CIVIL ENGINEERING TODAy. 


O.U.P., 1960, 21s. 229 pp. 92 illus. in lin | 


and half-tone, in text. 


Jackson, David. THE ADVENTURE OF ENGIN ERING; 
THE WONDERFUL WORLD OF CONSTR CTION, 
Rathbone (Wonderful World), 1961, 21: 93 pp, 
Illus. on every page (some full-page an | many 


in colour): photographs, drawings, di grams, 


124 x 9} in. 
Larsen, Egon. POWER FROM ATOMS. Mille 


(Mechanical Age Library), 1961,9s. 6d. 42 pp. | 
12 pp. half-tone illus., text figs. 


Laurence, William L. MEN AND ATOMS: t1¢ dis- 
covery, the uses and the future of atomic 
energy. Hodder & Stoughton, 1961, 2 s. xiii, 
303 pp. 


Tarr, John C. PRINTING. Muller (Mechani: al Ag 
Library), 1960, 9s. 6d. 142 pp. 12 ha!f-tone 
plates, 18 text figs. 


REPORTS ON 
PROGRESS IN PHYSICS 


Volume XXIV, 1961 


D. J. Craik and R. S. Tebble. Magnetic Domains 


H. Frohlich. The Theory of the Superconductive 
State. 


D. ter Haar. Theory and Applications of the 
Density Matrix. 


J. D. McGee. Photoelectronic Image Intensifiers. 


J. L. Pawsey and E. R. Hill. Cosmic Radio Waves 
and their Interpretation. 


W. B. Thompson. The Dynamics of High Tem- 
perature Plasmas. 


A. A. Ware. High Current Gas Discharges. 
W. P. Wolf. Ferrimagnetism. 

Price £4 4s. (21s. to Members), postage 2s. 
Separate articles are available at 7s. 6d. each, 
post free 
THE INSTITUTE OF PHYSICS AND 
THE PHYSICAL SOCIETY 
47 Belgrave Square, London, S.W.1 
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graphs, and over 250 in black and white. 


$44444444444444444 


THE® COIL OF LIFE 


This book by Ruth Moore describes in 
dransctic and simple terms the great dis- 
cove:'es of the last 200 years in biology, 
bioc'mistry and allied sciences towards the 
soluron of the riddle of life. The search 
bege. with the humanists of the 17th century 
esta: 'shing that man was regulated by natural 
law, but only very recently has the chemical 
com sition of life been discovered—deoxy- 
ribo: scleic acid, or DNA for short, in which 
the .omponents are arranged in the form of 

: the coil of life. Here the whole 
strar.ve and fantastic story is told. 


extr crown 8vo 432 pages illustrated 4os 


WONDERFUL 
ORLD OF NATURE 


the finest work of some sixty leading 
animal photographers shows the drama of 
natural life in a book of brilliant beauty. 
The swiftest actions of birds, animals and 
insects, the delicate grace of flowers and 
trees, the humour and the agony of nature 
are all captured. The volume is edited by 
Mary Phillips, compiled by Franz A. 
Roedelberger, and introduced by Edwin Way 
Teale. There are 28 full page colour photo- 


93 x 32s. 6d. 


Constable 


10 Orange Street 
London - WC2 


The Structure of 
Industry in Britain 
G.C. ALLEN, C.B.E., M.Com., Ph.D. 


‘For those wanting a broader view of the 
facts of British Industrial life, Professor G. 
C. Allen has given the results of his long 
and acute observation in a small book... . 
This is a study of how industry has changed 
during the present century and of some of 
the complexities of market behaviour, of 
industrial relations, and of State control, 
which constantly defeat the attempts of 
theorists to give a simple realistic model of 
the working of our system of partly free 
enterprise. . . This is a wise and well- 
written book, which should increase public 
respect for what economists have to offer.’ 
C. F. Carter, The Guardian 

12s. 6d. net 


GEOGRAPHIES FOR ADVANCED STUDY 
Edited by S. H. Beaver, M.A., F.R.G.S. 


Central Europe 
A. F. A. MUTTON, M.A., Ph.D. 


A general survey relates the physical 
environment of the lands of Central Europe 
with their human economy, and introduces 

a detailed regional analysis of the component 
parts of the area. 

50s. net 


A Glossary of 
Geographical Terms 


Compiled by a Committee of the British 
Association for the Advancement of Science. 
Edited by L. Dudley Stamp, C.B.E., 

D.Lst., Bhon:D:; V.PRG.S. 
Covers the full range of geographical studies 
—physical, human, economic and political— 
providing short, clear definitions, and 
indicating evolutions in meaning, with 
quotations. 

63s. net. 


LONGMANS, GREEN & CO. LTD. 


48, Grosvenor Street, London, W.1 
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MACDONALD TECHNICAL 


ELECTRONICS: 
A BIBLIOGRAPHICAL GUIDE 


C. K. Moore, B.Sc., and K. J. Spencer, A.L.A. 
10 x 7k in. 416 pages 65s. net 


ELECTRICAL MEASUREMENTS 
and the Calculation of Errors Involved 


Part 1. D.C. Measurements 
D. Karo, D.Eng., Ph.D., M.1.E.E. 
82 x 58 in, 2nd Edition 127 figs. 25s. net 


PRINTED CIRCUITS 
J. M. C. Dukes, M.A., D.I.C., A.M.1.E.E. 
82 x 58in. 232 pages 92figs. 40s. net 


TEXTURES IN METAL SHEETS 
F. A. Underwood, M.A., A.|.Inst.P. 
82 x 58in. 160 pages 53 figs. 28s. net. 


Forthcoming 
METALLURGY IN THE SERVICE 
OF MAN 


IMPORTANT 


Readers are reminded that all 
Books reviewed or advertised 
in this issue may be obtained 


promptly from: 


W. & G. FOYLE LTD 


119-125 CHARING CROSS ROAD 


W. H. Dennis, B.Sc., A.M.1.M.M. LONDON WC2 
82 x 5é in. 45s. net 
Gerrard 5660 (20 lines) Open 9-6 (inc. Sats.) 
MACDONALD 2 mins. from Tottenham Court Road Station 
16 Maddox Street, London, W.1. 
BOOKS 
ON All enquiries regarding 
ADVERTISEMENTS 
NATURAL HISTORY 
ee in the publications of the 


BIOLOGY 


New, Second-hand, Old and Rare 


CATALOGUES ON REQUEST 


WHELDON & WESLEY 
LTD. 


LYTTON LODGE, CODICOTE, 
Near HITCHIN, HERTS. 
Phone: CODICOTE 370 


BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


should be addressed to the authorised 


advertisement contractors: 


J. M. P. PUBLISHING SERVICES 


STAFFORD HOUSE, NORFOLK STREET, 
LONDON, W.C.2. 
Telephone : TEMple Bar 9525, 9410 
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YCLOPAEDIC DICTIONARY 
CS (General, Nuclear, Solid State, Molecular, 
Metal and Vacuum Physics, Astronomy, 
Biophysics and Related Subjects). 
C. Glass, London, D. J. Hughes, Brook- 
.. Meetham, Teddington. 
of the great accomplishments of scientific 
Exhaustive, comprehensive in scope and 
uthoritative, this is a work no person active 
d in the fields of physical sciences can afford 


THEWLIS, Harwell: Associate 


UNIQUE REFERENCE 


A unique reference work of long-lasting value, this 
Dictionary is written by British and American scientists 
outstanding in their respective fields. 


It is the most outstanding work in Physics published 
this century and will prove indispensable to industry, 
engineers, mathematicians, university lecturers, and all 


physical scientists. 


SIX-LANGUAGE GLOSSARY 


A Six-language Glossary of 15,000 physical terms (Eng- 
lish, French, German, Spanish, Russian and Japanese) 
is supplied FREE to all purchasers of the 9-volume 
ENCYCLOPAEDIC DICTIONARY. This will prove 
invaluable to persons having to refer to foreign language 
periodicals and to those who need to translate articles 


from them. 


This unique Glossary can be ordered 


separately at £20 net ($60.00). 


PERGAMON PRESS 


Headington Hill Hall, Oxford 4 & 5 Fitzroy Square, London W.1 


122 East 55th Street, New York 22, N.Y. 


Volume # 


t 
yNDEX 


MULT! 
LINGLAL 
GLOSSARY 


HBITONG 


+ HSINVES 


NUW 


THE GREAT 
WORK OF 


PHYSICS 


IDEAL CIFT 


The DICTIONARY makes an ideal gift to the graduating 
physicist, chemist and engineer. . . belongs in the library 
of every physical scientist . . . will fill a need in public 
libraries, institutions of higher learning, and in every 
large and medium industrial establishment and research 
laboratory. 


FREE EXAMINATION OFFER 


Since the first announcement of this new Encyclopaedic 
Dictionary, orders have flooded in from all over the 
world, and less than 15% of the original print order 
remains to be sold. Now we have created the oppor- 
tunity for you to evaluate this work yourself on a month’s 
free trial. Then, if you are not completely satisfied and 
convinced of the utility of the Encyclopaedic Dictionary, 
you may return the inspection copy of Volume I without 
any further obligation simply by using the pre-addressed, 
postage-paid label and carton provided. Otherwise it 
becomes yours, and the remaining volumes will be des- 
patched and invoiced to you as they appear (all volumes 
are expected to be published during 1961/early 1962). 
The price for the complete set is £98 net ($298.00) but 
libraries and individuals wishing to spread payments 
over a long period (of say, up to 5 years) can apply 
direct to the publisher. 


Send no money now but simply write your name and 
address clearly on a postcard together with the wording 
RESERVATION COPY, DICTIONARY OF 
PHYSICS, and post it to our nearest office. 


Gauthier-Villars, 55 Quai des Grands-Augustins, Paris 6 
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The Geology of the South Shetland Islands 


Il. THE GEOLOGY AND PETROLOGY OF DECEPTION ISLAND 
by D. D. Hawkes, M.Sc. 
The latest addition to the series of F.J.D.S. Scientific Reports (No. 27) 16s. (post 9d. 


Economic Plant Diseases of Scotiand 
by C. E. Foister 
A comprehensive check list showing the distribution, economic importance and yearly 


incidence, from 1924 to 1957, of all diseases and pests encountered in Scottish agri- 
cultural and horticultural crops. 10s. (post 9d.) 


Conservation of Wild Life and Natural Habitats 
in Central and East Africa 
by Julian Huxley 


An ‘on the spot’ survey of a vital and immediate problem. 
(A UNESCO publication) 6s. (post 6d.) 


From the Government Bookshops or through any bookseller 


SCIENTIFIC BOOKS 


H. K. LEWIS & Co. can supply any book on the Pure and Applied 

Sciences. Any Continental or American book not already in stock 

will be obtained with the least possible delay. We invite your 
inquiries. Catalogues sent on request. Please state interests. 


SCIENTIFIC LENDING LIBRARY 


Annual Subscription from £2 5s. Prospectus post free on request. 


THE LIBRARY CATALOGUE, revised to December, 1956. Pp. xii + 1178. 
To subscribers £1 5s. net., to non-subscribers £2 2s. net.; postage 2s. 6d. 


Supplement to December 1959. To subscribers 5s. net., to non-subscribers 
10s. 6d. net., postage 9d. 


Bi-monthly List of New Books, and new editions added to the Library, sent post 
free to subscribers regularly 


H. K. LEWIS & CO. LTD. 
P.O. Box 66. 136 Gower Street, London. W.C.1. Tel. : EUSton 4282 


Printed by Spottiswoode, Ballantyne, & Co. Ltd., London and Colchester. 
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